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A  DIALOGUE 

between  the  Author^  and  a  Practitioner  who  is  about 
4o  direct  the  Medical  Studies  of  his  Son. 


Pbactitioner. 
1  trust,  my  good  fiiend,  that  you  will  give  me  some 
credit  fbrahe  alacrity  with  which  I  have  obeyed  your* 
ordei^^  My  son  has  accompanied  me  to  town,  and  we 
are  both  impatient  to  avail  ourselves  of  your  friendly 
advice. 

AUTHOB* 

The  Medical  Lectures  will  commence  next  week^ 
and  you  were  prudent  to  get  a  few  leisure  days  for  the 
preliminary  arrangements;  I  need  scarcely  add  that 
my  services  are  at  your  disposal,  although  I  feel  no 
small  degree  of  diffidence  in  offering  advice  to  a  pxac- 
titioner  who  has  been  nearly  thirty  years  in  the  active 
exercise  of  the  profession. 

Pbactitionbe* 
On  the  score  of  experience,  I  claim  but  one  privi* 
lege,  or  Tatter  indulgence ;  to  question  a  little  more 
iBreely,  than  might  otherwise  be  permitted,  the  ex- 
pediency of  several  of  the  prevailing  opinions,  without 


ii  A  Dialogue. 

incurring  the  penalty  of  Midas.  The  truth  is  that  for 
the  last  twenty  years  I  have  been  so  absorbed  in  medi- 
cal practice,  that  I  have  neither  found  leisure  nor 
inclination  to  enquire  into  the  improTements  of  medical 
education;  and  I  therefore  apply  to  you  for  such 
information  as  ipay  supply  my  deficiency. 

Author. 
During  the  period  you  mention,  general  knowledge 
has  made  a  rapid  stride;  and  it  would  bave  been 
^^  passing  strange"  had  not  medical  science  partici- 
pated in  the  advancement;  but  I  am  by  no  means 
satisfied  that  our  system  of  teaching  has  been  improved. 
It  is  true  that  amongst  our  Metropolitan  lecturers^ 
may  be  ranked  some  of  the  first  philosophers  of  the 
age ;  but  there  are  many  competitors,  some  of  whom, 
to  maintain  their  ground,  have  introduced  a  systenk  of 
^^  grindingy*^  or  ^^  cramtaiMg*^  as  it  is  technically  called 
in  our  universities,  which  allures  pupils,  fixNn  the  as- 
sistance it  afibrds  them  in  passing  an  examination  at 
the  College  of  Surgeons,,  or  at  Apothecaries'  Hall^  but 
is,  in  my  humble  judgment,  iU  calculated  to  impart 
solid  information. 

Practitionbb. 
This  remark  is  not  new  to  me.  I  have  often  been 
astonished  at  the  harlequinade  dexterity  with  which  a 
coU^^  license  has  transformed  the  new  student  into 
the  sapient  practitioner,  and  the  humble  scholar  into 
the  dogmatical  lecturer. 


> 

AUTHOB. 

The  evils  which  arise  from  such  a  system  are  to  be 
easily  avoided.  But  before  I  proceed  to  offer  you  any 
advice  upon  tbia  subject^  you  must  inform  me  of  the 
views  you  entertain  respecting  the  future  destiny  of 
your  son.  Do  you  intend  that  he  shall  succeed  you  in 
eountry  practice,  at  wtU  you  send  him  forth  as  a  sur* 
geon  or  physician.  After  the  extraordinary  success 
which  has  attended  your  tovmsman,  I  conclude  that 
nothing  sbotft  of  the  i^aak  of  a  L6ndon  Physician  will 
bound  your  expectations. 

Practitioner. 
The  case,  my  dear  Sir,  to  which  you  allude,  must 
tend  to  extinguish  rather  than  to  encourage  such  am- 
bition. I  never  dwell  upon  the  extraordinary  success 
of  that  man,  but  the  Persian  fable  immediately  intrudes 
itself  upon  my  recollection.  ^^  A  drop  of  water  fell 
out  of  a  cloud  into  the  sea,  and  finding  itself  lost  in 
such  an  inunenaity  of  fluid  matter,  broke  out  into  the 
following  reflection.  ^  Alas!  what  an  insignificant 
creature  am  I  in  this  prodigious  ocean  of  waters ;  my 
existence  is  of  no  concern  to  the  universe ;  I  am  re* 
daced  to  a  kind  of  nothings  and  am  the  least  of  the 
works  of  Gk>d.'  It  so  happened  that  an  oyster  which 
lay  in  the  neighbourhood  of  this  drop,  chanced  to  gape 
and  swallow  it  up  in  the  midst  of  this  its  humble 
solik>quy.  ^  The  drop,'  says  the  fable,  ^  hardened  in 
the  shell,  unul  by  degrees  it  was  ripened  into  a  pearl, 
which  falling  into  the  hands  of  a  diver,  after  i^  long^ 
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series  of  adventures,  is  at  present  that  famous  pearl 
which  is  fixed  ^on  the  top  of  the  Persian  diadem.' 

Author. 
From  which  I  am^  of  course,,  to  conclude  that  you 
consider  the  worldly  success  of  a  physician  to  be  alone 
dependent  upon  accidental  circumstances  which  no 
wisdom  can  foresee,  nor  any  prudence  control. 

Pbactitioner. 
Such,  I  believe,  ^as  the  opinion  of  no  less  a  person 
than  Dr.  Samuel  Johnson,  whose  judgment  you  will 
scarcely  venture  to  question^ 

AuTHO]A. 

•  1  an  ready  to  admit  that  '^  Victory  is  not  always 
to  the  strong i"^^  and  I  am  well  acquainted  with 
instances  in  which  superiority  of  success  has  'been 
iiiiited  with  inferiority  of  pretensions ;  but,  as  Dr. 
Young  has  very  justly  remarked^  whatever  may  be  the 
acfcidental  irregularities  inseparable  from  the  operation 
of  moral  causes,  it  must  be  admitted  that  every  man's 
chance  of  success  in  his  profession  will  be  in  some 
measure  proportionate  to  his  merits  and  his  talents  ;•— 
in  the  lottery  of  physic,  as  in  all. other  lotteries,  the 
chance  of  a  man  who  «holds  ten  tickets  'must  be  deci<* 
dedly  better  than  one  who  is  possessed  but  of  five« 
The  same  argument  will  apply  to  the  courteoud  ad- 
dr^s  ahd  behaviour  of  a  practitioner;  we  have  seen 
the  most  unpolished  and  even  indec(Hrous ,  maiiners 
distinguish  the  .most  successful,  but  are  we,  on  Chat 
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Accoimt,  to  argue  that  urbanity  and  kindness  are  of  no 
avail  7  Dr.  Raddiflfe  told  Dr.  Mead,  as  a  great  secret^ 
tliat  the  true  way  to  succeed  in  Physic  was  to  use  every 
body  ill ;  but  Dr.  Mead  used  nobody  ill,  and  succeeded 
better  than  Dr.  Radcliffe. 

Practitioneb. 

Whatever  opinion  I  may  entertain  upon  this  subject, 
it  win  not  influence  my  determination  to  ^ord  all  the 
advantages  of  education  to  my  son;  '^  We  cannot 
command  success,  but  we  will  do  more,  Sempronius^ 
we  will  deserve  it."  For  the  same  reason^  I  do  not 
think  it  necessary  to  come  to  any  immediate  decision 
ffespectixig  his  future  plan  of  life;  for,  however  neces« 
sary  it  may  be  to  separate  the  different  departments  of 
practice  in  a  great  city,  no  part  of  the  elementary  or 
preliiuinary  studies  should  be  neglected  by  a  student 
of  any  description ;  thus  prepared  he  can  afterwards 
pursue  any  line  of  practice  which  existing  circum- 
stances may  render  most  eligible.  My  son  is  now 
nineteen  years  of  age,  he  has  been  grounded  in  clas- 
sical knowledge,  and  possesses  some  general  ideas  upon 
the  subjects  of  Natural  Philosophy;  with  regard  to 
Physic,  with  the  exception  perhaps  of  a  little  infor- 
mation on  subjects  of  Pharmacy,  he  is  entirely  igno- 
rant. Under  these  circumstances,  how  are  we  to  pro* 
ceed? 

Author. 

I  should  recommend  Anatomy  as  the  first  object  of 
his  pursuit,  a  knowledge  of  this  branch  cannot  be  too 
early  attained ;  enter  him  therefore  at  once  with  somis 
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good  ieftcher,  and  after  he  has  aUended  one  ooune  of 
lectures,  let  him  commence  dissecdon;  at  the  same 
tiiae,  he  should  be  admitted  aa  a  pupil  at  some  Hoe- 
pital,  in  Older  that  be  may  become  practically  ac- 
quainted with  the  history  and  treatment  of  disease ; 
his  attendance  also  at  lectures  on  the  Theory  and  Prac- 
tice of  Physic  will  be  necessary*    Such  a  course  of 
study  will  be  amply  sufficient  for  his  first  season*    In 
the  second  year  of  his  residence  in  London,  he  may 
attend  to  lectures  on  Surgery,  and  Midwifery;  and  on 
Chemistry,  and  the  Materia  Medica*    The  third  year 
may  be  advantageously  spent  in  Edinburgh,  which  is 
unquestionably  one  of  the  first  medical  schools  in  the 
world,  greatly  inferior,*  however,  to  London,  with 
regard  to  anatomy ;  and  on  that  account,  the  first  year 
of  study  will  be  better  spent  in  London ;  and  he  will 
be  thus  enabled  to  receive  a  greater  profit  from  the 
excellent  clinical  and  practical  lectures  which  are  an- 
nually delivered  in  Edinburgh*    During  the  Summer 
recesses,  he  will  do  well  to  cultivate  a  knowledge  of 
Botany,  and  to  enter  upon  a  course  of  medical  read- 
ing; he  may,  at  the  same  time,  amuse  himself  vnth  the 
repetition  of  the  various  chemical  experiments  which 
he  had  witnessed  during  his  attendance  at  lectures. 

Practitioner. 
What  is  your  opinion  respecting  the  advantage  of 
taking  notes  at  the  several  lectures. 


♦  In  coDsoquence  of  the  difficulty  of  obtaining  recent  subjects. 
This  cmbarrasiuient,  however,  now  threatens  the  London  schools. 
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AVTHOB. 

No  pupil  should  make  the  attempt  during  a  first 
course ;  for,  in  the  fifst  instance,  the  subjects  will  be 
BO  Borel,  as  to  require  l!be  entire  devotion  of  the  stu- 
dent*6  mind ;  and  if  he  attempt  to  reduce  any  part  to 
writing,  he  will  lose  the  thread  of  the  discourse,  and 
be  unable  to  follow  and  comprehend  the  lecturer. 
When,  however,  he  retires  to  his  chamber,  after  the 
lecture,  much  advantage  will  aritie  by  his  making 
memoranda  of  such  facts  or  opinions  as  may  have  ap- 
peared to  him  the  most  striking.  In  the  second  course, 
the  practice  of  taking  notes  is  of  decided  utility ;  but 
the  use  of  short  hand,  on  these  occaaons,  is,  in  every 
way  to  be  reprobated.  It  converts,  says  Dr.  Young, 
the  writer  into  a  mere  machine;  it  employs  him  in 
copying  words,  instead  of  digesting  and  compressing 
thoughts ;  and  unless  he  has  two  or  three  more  hours 
to  bestow  on  the  same  subject  after  the  lecture,  which 
very  few  lectures  are  worth,  his  manuscript  remains 
in  a  form  almost  as  inconvenient  for  reference,  as  if  it 
were  written  in  an  unknown  language.         ^ 

Practitioner. 
All  these  hints  will  be  of  gi'eat  value  to  us. 

Author. 
I  have  nothing  more,  I  believe,  to  add  with  respect 
to  the  London  Lectures.    If  your  object  be  to  educate 
your  son  as  a  Physician,  lose  no  time  in  admitting  him 
at  Cambridge  or  Oxford. 
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Practitioner. 
But  these  are  not  medical  pchools. 

Author. 
It  is  mo^t  extraordinary  to  me  that  this  senseless  cry 
should  be  so  long  continued.  Is  technical  knovrledg^ 
all  that  is  required  for  the  accomplished  physi^im? 
do  not  the  liberal  pursuits,  which  are  so  successfully 
c^dtiyated  in  those  seats  of  learning,  contribute  to*  the 
elevation  of  the  understanding,  to  say  nothing  of  the 
gentlemanly  manners  and  feelings  ^hich  are.  thus  ac- 
quired by  intercourse  with  the  most  exalted  characters 
of  the  age  ?  Why  is  the  rank  of  the  regular  "physician 
BO  much  higher  in  this  than  in  any  other  country? 
because  he  must  receive  his  education  in  the  same 
school  as  that  in  which  the  nobles  and  statesmen  pf 
the  land  are  instructed. 

Practitioner. 

I  thank  you  much  for  the  sketch  you  have  afforded 
me;  I  shall  be  guided  by  it,  filling  up  the  outline 
according  to  the  circumstances  and  particular  views 
which  may  present  themselves.  I  am  also,  to  speak 
candidly,  not  a  little  pleased  to  find  that  you  have  laid 
less  stress  upon  the  necessity  of  Chemistry,  than  I  had 
anticipated. 

Author. 

Mistake  me  not. — ^I  have  certainly  not  assigned  to  it 
more  importance  than  I  conceived  necessary ;  but  you 
must  distinctly  understand  that  I  consider  no  man 
capable  of  practising  the  profession  of  physic  without 
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a  competent  knowledge  of  it;  and  I  am  quite  certain 
t]tot,  .yrithout  its  assistance^  he  can  never  discfaa^  his 
duty  to  himself,. or  to  his  patient. 

PllACTlTIONEB. 

I  have  now  been  settled  as  a  medical  practitioner  for 
upwards  of  five  and  twenty  years ;  and  I  need  scarcely 
observe  that  in  my  ypung^r  days  Chemistry  was  scarcely 
regarded  as  a  branch  of  medical  study ;  my  knowliedge 
on  this  subject  is  necessarily,  therefore,  extremely  im- 
perfect ;  but  I  feel  no  hesitation  in  declaring,  that  in 
no  single  instance  do  I  remember  ever  having  felt  an 
/embarrasnnent  at  the  bed  side,  or  in  the  Surgery,  firom 
my  deficijency ;  ^d  I  am  strongly  inclined  to  regard  ft 
rather  in  the  light  of  an  accomplishment,  than  in  that 
of  a  necessary  and  indispensable  q\pdification«    ^ 

AUTHOB*    , 

Your  argument,  if  such  it  can  be  called,  amounts 
to  no  more  than  this, — that  you  have  never  felt  ^l^e 
want  of  that  which  you  never  knew. 

Pbactitioneb. 
If  I  have  never  known  the  advantages  of  Chemistry, 
I  have,  at  least,  experienced  some  of  its  evils ;  and  I 
think  you  will  admit,  notwithstanding  all  your  preju- 
dices in  its  favour,  that  the  Physiologist  can  have  but 
few  obligations  to  it;  recollect  only  some  of  the  nu- 
merous fallacies  which  have  arisen  from  chemical 
theories. 
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If  it  be  philoflophical  to  ai^^  againt  the  utility  of 
an  instrument  from  a  few  instances  of  its  abuse,  I  tnust 
certainly  leave  you  in  the  undisturbed  enjoyment  of 
your  assumed  triumph^  but  remember  the  exclamation 
of  fViar  Lftwrcnce— "  Vhtue  itself  turm  Viccy  being 

PnACTltlONElU 

You  acknoiwledge  then  the  extent  of  the  evils  which 
have  flowed  IiDm  your  favourite  science. 

AVTHOR. 

Most  eheerfuHy.  Nuy,  I  go  farther,  I  triumph  in 
them.  Pope  has  somewhere  said  that  when^  a  man 
owns  himself  to  have  been  in  error,  he  does  but  tell 
you  that  he  is  wiser  than  he  was ;  and  you  must  admit 
that  it  would  be  truly  discouraging,  if  the  Physiologist 
of  the  present  day,  with  all  the  advantages  of  modem 
discovery,  were  unable  to  detect  the  errors  of  his  pre- 
decessors. 

Practitioner. 

You  will  scarcely  venture  to  assert  that  the  living 
power  is  not, constantly  opposed  to  chemical  action. 

» 

Author. 
And,  for  that  reason,  it  is  essential  to  learn  the  na- 
ture  of  chemical  action,  before  we  cah  attempt  to  ap- 
preciate the  extend  of  that  force  which  modifies  or 
resists  it.  But  there  are  changes  perpetually  going  on 
in  the  animal  body  that  are  beyond  the  control  of  the 
living  principle,  and  therefore  the  Physiologist,  who 


is  not  a  Chemist,  will  be  utterly  at  a  loss  to  compre- 
hend them. 

Practitioneb. 

He  will  thus,  at  least,  avoid  error ;  and  escape  the 
danger  of  those  fidse  lights,  which,  like  Will  o'  the 
Whisps,  have  ever  led  astray  those  who  have  pursued 
them* 

Author. 

Chemistry  alone  can  enable  you  to  avoid  such  fiJse 
Ughts;  the  benighted  traveller  will  best  drfeat  the 
treachery  of  the  Will  o'  the  Whisp  by  carrying  a  lamp 
in  his  own  hand. 

Practitioner. 
And  you  are  now  endeavouring  to  seduce  me  from 
the  safe  path  by  the  false  glare  of  an  allegory. 

AUTHt>R. 

I  will  at  once  refute  that  chai^  by  a  plain  practical 
illustration.  I  need  not  remind  you  that,  for  manj^- 
years,  the  cause  of  all  calculous  disorders  was  referred 
to  the  impurities  of  water.  This  idea,  so  far  from 
beii^  the  suggestion  of  chemical  theory,  arose,  I  be- 
lieve, entirely  from  the  occurrence  of  certain  sediments 
observed  in  water,  and  supposed  to  resemble,  in  vm^ 
pearan^e,  the  calculi  found  in  the  human  subject ;'  and 
had  not  the  Chemist  refuted  the  error,  the  prejudice 
might  still  have  continued,  and  the  crust  of  the  tea 
kettle  have  remained  a  source  of  perpetual  terror.  Is 
this  no  obligation  conferred  by  Chemistry  upon  medi- 
cine? 
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Practitioneb. 
I  admit  it*    The  fact  is  striking,  and  neyer  occurred 
to  me  before. 

Author. 

ft 

Let  us  examine  the  subject  a  little  farther.  You 
must  well  know  that  old  persons  are  extremely  liaUe 
to  be  aflfected  with  calculous  accumulations  in  the 
prostate  gland.  The  Chemist  examined  their  compo- 
sition, and  found  them  to  consist  of  phosphate  of  lime 
combined  with  ammonia ;  by  reasoning  upon  this  fact, 
he  was  led  to  conclude  that*  the  matter  was  derived 
from  the  spontaneous  decomposition  of  urine,  which 
by  yielding  ammonia  precipitated  the  phosphoric  salt, 
and  thus  formed  the  concretion  in  question.  The  prac- 
tice suggested  by  this  discovery  is  obvious ;  to  empty 
the  bladder  at  intervals,  and  prevent,  the  decomposition 
of  urine  in  its  cavity.  The  experiment  succeeds,  and 
much  human  misery  has  been  prevented.  Is  this  no 
obligation  conferred  upon  Medicine  by  Chemistry  i 

Practitioner. 

I  coi^fess  myself  a  convert  upon  these  points ;  but  T 
have  another  charge  to  bring  against  Chemistry,  which, 
I  fancy,  you  will  not  so  .easily  refute.  It  has  enabled 
the  manufacturer  to  adulterate  our  drugs  with  greater 
art. 

Author. 

Then  become  a  Chemist,  and  you  will  be  enabled, 
by  very  simple  means,  to  detect  the  fraud ;  in  this  case. 
Chemistry,  like  the  spear  of  Telephus,  carries  upon  ijts 
surface  a  balm  for  every  wound  it  may  inflict.     Opce 
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for  all,  my  good  friend,  I  advise  you  to  cease  your  hos- 
tilities ;  for  like  the  Philistines  of  old  your  forges  serve 
for  no  other  purpose  than  to  sharpen  the  defensive 
weapons  of  your  adversaries..  . 

Practitioner. 
I  am  content!     I  feeL  the  great  importance  of  the 
science  fix>m  the  few  striking  ai^uments  you  have  used, 
and  I  am  most  anxious'  to:  impress  the  same  feeling 
upon  my  son. 

Author. 
'  Before  I  quit  the  subject,  I  would  say  a  few  words 
regarding  the  impolicy  of  neglecting  the  study  of  Che- 
mistry in  the  present  enlightened  age.  This  science,: 
which  during  the  last  ten  years  has  scarcely  been  known* 
beyond  the  precincts  of  a  small  circle  of  philosophers, 
is  rapidly  extending  itself  through  all  ranks  of  the  com- 
munity ;  the  higher  classes  of  society  are  crouding  to 
the  lecture  rooms  of  our  public,  institutions,  and  die 
mechanic  and  artisan  are  becoming  enlightened  through 
the  medium  of  chemical  societies,  and  the  extensive 
circulation  of  cheap  publications.  What  would  be 
thasuiprise  of  our  fathers,  could  their  spirits  revisit  us, 
to  sA.a: sectarian  meeting  house  crouded  to  excess  vnth' 
meiftaAics,  to  hear  a  chemical  lecture  from  the  reading 
desk!  In  such  a  state,  of  intellectual  advancement, 
what  vrill  become  of  the  medical  practitioner,  unless 
he  keeps  pace  with  the  genftral  progress  ?  It  is  obvious 
that  he  Imust  l03e  his  pl^ce^  in  the  scale  of  society,  and 
the  credit  and  respec.ta^lity  of.  the  profession  mu3t 
sink.  '  The'  mere  mechtoic  will  be  the  better  man,  and 
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he  will  look  down  with  contempt  upon  the  physician 
or  apothecary,  who  being  ignorant  in  Chemistry,  must,, 
as  hb  reading  wiU  have  informed  him,  be  ignorant  in 
the  most  essential  parts  of  his  arocation. 

PftACTITIONEa. 

Patients  trouble  themselres  no  more  about  the  science 
of  their  doctors,  than  we  do  about  the  mathematical 
acquirements  of  our  carpenters. 

AVTHOE. 

There  is  no  analogy  in  the  cases.  The  mechanic 
merely  follows,  by  routine,  the  same  work  which  has^ 
been  performed  by  hundreds  before  him ;  but  the  Phy* 
sician,  in  every  particular  case,  has  a  new  problem  to 
solve,  for  which  he  has  to  exert  his  reason,  and  to 
invent  expedients  for  each  exigency.  He  is  not  there- 
fore to  be  compared  to  the  woridng  mechanic,  but  to 
the  inventor  of  new  machinery,  and  you  will  admit, 
I  trust,  that  science  is  of  some  use  to  the  Engineer. 

PRACTITIONBR. 

It  is  unnecessary  to  carry  your  arguments  any  &rther, 
I  have  already  confessed  myself  your  convert,  and  am 
now  anxioudy  waiting  to  learn  the  plan  on  which  my 
son  ought  to  commence  the  study. 

Before  he  attends  any  lectures  upon  Chemistry,  it 
will  be  advisable  for  him  to  read  some  elementary 
work,  in  order  that  he  may  gain  a  general  notion  of 
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the  nature  and  objects  of  the  science*  He  may  then 
attend  a  regular  course  of  lectures^  and  he  will  derive 
the  greatest  advantage  from  repeating  the  experiiaents 
in  his  own  chambers. 

Practitioner. 
Then  he  must  procure  i^paratus,  which  will  of 
course  be  attended  with  considerable  expense ;  surely 
Iqr  attentively  observing  the  experiments  at  the  lectures 
this  mi^  be  rendered  unnecessary. 

Author. 
Without  actual  experiment,  believe  me,  it  is  quite 
impossible  foor  a  atud^it  to  acquire  any  solid  knowledge 
of  the  science.  ^^  NQAl  est  in  iuUUectu  quod  M« 
JuerU  in  semu,^^  was  the  motto  which  the  celebraied 
Rouelle  caused  to  be  affixed  in  large  characters  in  a 
conspicuous  part  of  his  laboratory,  and  I  heartily  con- 
cur in  the  justness  of  ita  application.  With  req>ect  to 
the  nature  and  extent  of  the  apparatus  which  is  re« 
c|aired  for  the  elucidation  of  philosophical  principles 
there  is  a  very  general  misconception.  By  means  of  a 
common  wooden  tub,  a  quantity  of  tobaocohpipes,  and 
florence  flasks,  and  a  few  dozen  differently  sized  corks, 
with  glasses  and  phials,  I  will  undertake  to  illustrate 
aU  the  leading  facts  in  Chemistry. 

Practitioner. 
I  am  no  less  amused  than  gratified  by  the  success 
with  which  you  have  combated  my  prejudices,  and 
removed  the  difficulties  which  ray  ignorance  of  the  sub-* 
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ject  had  created.  But  you  just  now  obeeired  that 
some  elementary  work  should  be  attentively  read  be* 
fore  a  student  enters  upon  the  lectures.  May  I  Request 
you  to  direct  our  choice  upon  this  occasion. 

Author. 
There  "are  three  works  which  every  student,  desirous 
of  becoming  an  accomplished  Chemist,  should  possess. 
Henry's  Elements  of  Chemistry,  Brande^s  Manual,  and 
Dr.  lire's  Chemical  Dictionary.  As,  however,  no  ele* 
mentary  work  on  Chemistry  has  hitherto  been  pub- 
lished for  the  exclusive  use  of  the  medical  student,  I 
have  undertaken  to  supply  the  deficiency;  and  in  the 
execution  of  this'task,  I  have  endeavoured  to  exclude 
whatever  appeared  to  me  to  have  no  direct  application 
to  the  profession;  indeed  the  work  is. founded  upon 
th^  notes  from  which  I  formerly  lectured ;  and  as  my 
pupild^were  entirely  medical,  it  was  my  care  to  collect 
aU  the  chemical  facts  of  prpfessio'nal  interest,  to  con- 
duct the  student  to  a  knowledge  of  their  principles  by 
the  shortest  path,  and  to  remove  from  his  road  every 
adventitious  object  that  might  obstruct  his  prepress,  or 
unprofitably  divert  his  attention. 

Practitioner. 
You  are,  nevertheless,  a  bold  man  to  add  another 
work  on  a  science  upon  which  so  much  has  been  id- 
ready  written. 

Author* 
It  may  be  so.    But  you  will  say  that  I  am  still 
bolder,  when  I  tell  you  that  it  is  my  intention  to  in- 
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troduce  the  heads  of  the  conversation  we  have  just  held 
together,  in  the  place  of  a  didactic  Preface. 

« 

Practitioner. 
It  will  at  least  have  novelty  as  its  recommendation. 

Author. 
That  I  fear  would  not  go  far  in  disarming  the  wrath 
of  the  critic,  unless  it  ensured  advantages  which  the 
more  usual  style  of  a  preface  could  not  command. 

Practitioner. 
But  you  will  not  surely  venture  to  print  your  obser- 
vations upon  the  present  style  of  lecturing. 

Author. 
Why  not  ?    ^^  Ucet  omnibus^  licet  etiam  mihiy  dig' 
njlotem  arti8  medicm  tueriy  potestas  modo  veniendi 

m 

in  publicum  sit^  dicendi  periculum  non  recuso.^^ 

Practitioner. 
But  may  they  not  give  personal  ofience  ? 

Author. 
I  have  no  such  intention.    ^'  Quis  rapiet  ad  se  quod 
erii  commune  omnium  P^'* 
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ELEMENTS  OF  CHEMICAL  SCIENCE 


A9  n  EBLATES  TO  THB  DIFFBBEICT  BRANCHBS  OF 


'MEDICINE. 


1«  Chsmistrt  is  that  branch  of  Science  which 
enables. us  t(3  examine  the  constituent  particles  of 
bodies,  with  reference  to  their  nature,  proportions,  and 
diflferent  modes  of  combination;  and  to  investigate 
the  laws  of  Attraction,  Heat,  and  Electricity,  by  the 
operation  of  which  these  particles  are  perpetually  un- 
dergoing change; 

2.  As  the  minute  piarticles  of  matter  are  alone  actu- 
ated by  such  forces,  Chemical  changes  are  not  accom- 
panied by  sensible  motionB ;  a  fact  which  enables  us, 
Tery  conveniently,  to  consider  Chemistry  as  distinct 
from  Natural  Philosophy^  for  the  phcenomena,  which 
are  conventionally  referred  to  this  latter  'province,  are 
characterised  by  apparent  motion.  Thus,  the  science 
of  Mechanics  treats  exclusively  of  the  nature,  pro- 
duction, and  alteration  of  motion,  and  the  doctrine  of 
equilibrium ;  that  of  Hydrostatics,  of  the  motions  of 
fluids,  and  of  the  phcenomena  which  result  from  them; 
while  Astronomy  traces  the  motions  of  the  heavenly 
bodies,  determines  their  orbits,  and  measures  their 
velocity. 


2        Different  branchet^  of  Natural  Philosophy 

3.  Nor  are  the  results  of  these  two  classes  of  action 
less  distinct  from  each  other,  than  are  the  causes  by 
which  they  are  produced ;  that  which  attends  the  for« 
mer  being  a  change  of  properties,  whereas  that  which 
distinguishes  the  latter  is  evidently,  at  most,  a  mere 
change  of  place ;  thus,  if  two  highly  caustic  substances, 
as  Sulphuric  acidj  and  Potass^  are  made  to  act  che- 
mically upon  each  other,  a  new  body  is  produced, 
which  bears  no  analogy  to  either  of  the  ingredients ; 
and  yet  this  change,  great  and  striking  as  it  may  i^- 
pear,  is  not  accompanied  by  any' motions  which  can  be 
submitted  to  calculation  or  admeasurement. 

4.  But  while  we  thus  acknowledge  the  truth  of 
such  a  distinction,  for  the  sake  of  adopting  a  classi- 
fication that  may  serve  to  subdivide  the  chain  of 
human  knowledge,  which  from  the  number  and  extent 
of  its  links  can  no  longer  retain  its  unity,  it  must 
nevertheless  be  acknowledged  that,  in  treating  either 
of  the  one,  or  the  other,  of  these  classes  of  phoenomena, 
we  shall  not  unfrequendy  be  compelled  to  exceed  the 
exact  boundaries  of  our  definition,  and  even  on  some 
occasions  to  call  in  the  aid  of  the  one,  for  the  full 
investigation  or  illustration  of  the  other.  Thus,  for 
instance,  on  the  very  outset,  as  well  as  at  the  con- 
clusion of  many  chemical  inquiries,  we  shall  require 
the  use  of  the  balance  for  estimating  the  absolute 
weight  of  the  bodies  submitted  to  examination;  the 
theory  and  application  of  which,  in  their  relations  to 
Gravitation,  nittst  be  considered  as  the  exclusive  object 
of  Natural  Philosophy;  while,  for  the  purpose  of 
ascertaining  the  comparative  densities,  ox  Specific  Gra* 
vities,  of  such  substances,  we  shall  require  the  assistance 
of  Hydrostatics.  In  the  same  maimer  the  various  in- 
struments employed  in  chemicid  experiments  will  be 
found  to  be  either  mechanical,  hydrostatical,  or  hy- 
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draolical,  in  Amx  principles  of  ooastniction.  *  In  the 
examination  ckf  tbe  lows  of  chemical  combination^  we 
ahall  find  that  the  same  materials  will,  in  general,  unite 
in  'certain  definite  proportions,  which  cannot  be  chan« 
ged,  widiout  producing  corresponding  dianges  in  the 
eharaetersof  the  compoitnds  arising  from  their  union — 
ma  investigation  which  anvolves  the  necessity  of  me- 
chanical, or  of  mathematical  knowledge;  while  the 
theory  of  Crystallization,  and  die  -examination  of  the 
various  regular  and  detetminate  figures  to  whidi  that 
process  giws  origin,  Tequire  some  acquaintance  with 
the  princq)feB  of  geometry. 

b.  The  same  motives  that  suggested  the  adrantage 
of  separating  Chemistry  finom  iLe  other  branches  of 
Philosophy,  may  now  sanctiim  the  prc^riety  of  dividing 
Chemistry  kself  into  as  many  ramifications  as  the  dis^ 
tmct  and  profeainent  purposes  to  which  it  is  subservient ; 
ibr,  v^en  this  science  is  discussed  in  accordance  with 
its  generally  received  definition,  (1)  it  necessarily  em- 
braces a  range  of  subjects  so  wide  and  diffusive,  that 
the  light  which,  if  properly  concentrated  in  a  focus, 
might  be  thrown  with  so  much  efiect,  upon  any  .par- 
ticular branch  of  knowledge,  is  thus,  as  it  were,  en- 
feebled by  the  extent  of  its  radiation.  Such  was  the 
conviction  that  induced  me  to  collate  the  chemicid 
notes  of  my  Lectures,  and  to  present  them  in  an  em- 
bodied form  to  the  medical  student ;  and,  as  far  as  the 
intiikiate  relation  which  subsists  between  the  difl^nt 
parta  of  Chemistry  would  allow  the  separation,  I  bave 
endeavoured  to  exclude  whatever  has  not  a  direct 

*  As  one  of  the  objects  of  this  work  is  to  oBConomise  the  kbour 
of  the  medical  studeat,  and  to  supersede,  as  fieir  as  posiible,  the 
Bcacasity  of  reference  to  a  variety  of  books,  I  shall  iatroduce  as 
much  Natural  Philosophy  as  may  be  necessary  for  the  elucidation 
•f  the  principles  upon  wbich  such  instruments  are  constructed. 
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application  to  the  stady  and  practice  of  the  professioit* 
Few  circumstances  have  contributed  more  laigely  to 
the  genelral  advancement  of  science  than  such  a  division 
of  labour,  and  I  question  vehether  to  such  a  cause  we 
may  not  principally  attribute  that  rapid  progress  of 
philosophy  which  has  so  eminently  distinguished  the  last 
half  century.  Physiology  is  certainly  much  indebted 
to  an  arrangement  of  this  kind  for  its  present  extended 
acale  of  improvement ;  for,  although  the  highest  im- 
portance  had  been  attached  to  the  study  of  the  human 
Jbody  from  the  earliest  period^  yet  its  functions  weie 
never  made  a  distinct  and  separate  object  of  inquiry 
until  the  beginning  of  the  last  centuiy.  It  is  true  that 
'the  vnritings  of  the  ancient  physicians,  and  of  the  earlier 
among  the  moderns,  abound  in  fdiysiological  specula- 
tions, but  they  are  rarely  brought  forward  in  a  con- 
nected or  systematic  form ;  so  that  we  are  obliged  to 
collect  our  knowledge  of  their  tenets  more  from  a  num- 
ber of  scattered  fragments,  dispersed  through  works  on 
medicine  and  pathology,  than  from  treatises  expressly 
devoted  to  the  subject.* 

6.  The  science  of  Chemistry  may  be  said  to  be  sub- 
servient to  Medicine,  in  demonstrating  the  various 
changes  which  occur  in  the  component  parts  of  the 
animal  body^  under  the  dififerent  conditicms  of  health 
and  disease ;  and  in  appreciating  and  explaining  the 
phoenomena  accompanying  such  changes  ;-^in  inves- 
tigating the  composition  and  occasional  deterioration 
of  the  air  we  breathe,  and  of  the  various  solid  and  fluid 
substances  which  we  employ  as  aliment  or  medicine ; — 
in  suggesting  processes  of  art  by  which  natural  bodies 

*  See  '*  An  ElemeQtarj  System  of  Physiology,  by  John 
Bosiock,  M.D.  F.R.S.,  a  work  which  1  streauously  recommend 
to  the  attention  of  the  medical  Student.   - 
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may  .be  adapted^  or  new  and  artificial  compounds  pro- 
duced, for  admmistradon  as  remedies; — in  detecting 
die  presence,  and  counteracting  the  efiects,  of  various 
iiGzious  substances  which  may,  either  from  accident  or 
design,  become  instrumental  in  impairing  health,  or  in 
destroying  life ;— -and  lastly,  in  instructing  the  prac- 
^tioner  how  he  may  best  direct  the  admixture  and 
combination  of  various  remedies,  without  the  risk  of 
occasioning  such  changes  in  their  properties,  >  as  may 
alter  or  invalidate  their  efficacy.  .It  would  appear 
therefore  that  the  Physiologist,  Pathologist,  Physician, 
Toxicologist,  and  Pharmacologist,  may  each,  in  his 
turn,  derive  important  information  from  the  cultivation 
of  Chemistry ;  and  numerous  examples,  in  illustration 
of  this  truth  will  occur  to  the  reader  during  the  pro^- 
gress  of  the  present  work. 

7.  The  .living  body  has  been  frequently  compared 
to  the  Laboratory  of  the  Chemist,  in  which  those  va- 
rious iu>mpoaitiDns  and  decompositions  aise  continually 
proceeding,  upon  which  the  phoenomena  of  its  qeconomy 
have  been  suppose^  to  depend.  It  will  be  readily  per?- 
/ceived  that  so  general  a  proposition  must  involve  many 
fatal  fellacies,  and  their  detection  has  accordingly  fur- 
nished sonxe  specioiu  arguments  against  the  utility^  of 
chemistry,  while  the  absurdities,  into  which  its  san- 
guine votari^  have  been  betrayed,  have  too  appanently 
sanctioned  the  propriety  of  the  objection,  ^^  A  repcocu;k 
to  a  certain  degree  juat,"  says  Sir  Humphry  Davy, 
^^  has  been  thrown  ^pon  those  doctrines  known  by  the 
name  of  Chemical  Physiology ;  for  in  the  application 
of. them,  speculative  philosophers  have  been. guided 
rather  by  the  analogiea  of  words  than  of  facts.  Inistead 
of  endeavouring  slowly  to  lift  up  the  veil  which  con- 
ceals the  wonderful  phenomena, of  living  nature,  full 
of  ardent  imaginations,  they  have  vainly  and  presump- 
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tiiously  «ilempted  to  tear  it .  m^mAacJ^    Be&w  liow^ 
ever^  the  phileaopher  can  be  Ibirly  conwiced  of  $ht 
inaptitude  of  di^xucal  reasoning  to. the  objects  of  phy» 
sio^ojOT)  he  must  receiTe  some  asgiuneiita  against  ^nt 
use  of  this  science,  move  pottoit  than  those  whidbt  ave 
deduced  only  from  ks  abuse.    An  ob}^ction^  the  most 
specious  perhaps  that  haa  ever  been  uiged  upon  this 
occasion^  is  founded  upon  the  aadom,  that  animated 
bodies  axe  not  only  enabled  to  resist  all  the  laws  of 
inanimalte  matter,  but  even  to  act  on  all  around  them 
in  a  manner  entirely  contrsry  to  those  laws.    To  be* 
come  satisfied  of  this  universal  truth,  it  is  said  that  we 
have  only  to  consider  these  bodies  in  their  active  and 
passive  relations  with  the  vest  of  nature;  a  subject 
which  has  been  beautifully  illustrated  by  Cutler  in  his 
Lectures  on  Comparative  Anatomy.    ^  Let  us,"  says 
he,  ^^  contemplate  a  female  an  the  prime  of  youth  and 
health.   That  el^ant,  voluptuous  form,— 4hat  graceful 
flexibility  of  motion, — that  gentle  warmth, — those 
cheeks  crimsoned  with  the  roses  of  delight, — those 
brilliimt  eyes,  darting  rays  of  love,  or  sparkling  with 
the  fire  of  genius,— *  that  countenance,  enlivened  hy 
sallies  of  wit,  or  animated  by  the  glow  of  passion,  seem 
all*  united  to  form  a  most  fascinating  being.  A  moment 
iS  sufficient  to  destroy  the  illusion.    Motion  and  sense 
often  cease  without  any  apparent  cause.    The  body 
loses  its  heat ;  the  muscles  become  flat,  and  the  angu- 
lar prominences  of  the  bones  appear ;  the  lustre  of  the 
eye  is  gone;  the  cheeks  and  lips  are  livid.    These, 
•however,  are  but  preludes  of  changes  still  more  horri- 
ble.   The  flesh  becomes  successively  blue,  green,  and 
black.    It  attracts  humidity,  and  while  on^  portion 
•evaporates  in  infectious  emanations,  another  dissolves 
into  a  putrid  sanies,  which  is  also  speedily  dissipa- 
ted.   In  short,  after  a  few  days  there  remains  <mly  a 
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small  niHaber  cf  earth jr  a6d  saliiie  pcinci^s.    The 

other  elemients  are  dii^perised'  in  air,  and  in  wat^,  to 

enter  again  into  new  coiidi>inatioiia^    It  is  evident  that 

this  separation  is  the  naUural  efiect^of  the  action  of  the 

air^  hiunidity,  and  heat  ;-^n  a  werd,  of*  external  mat-. 

ter  upon  the  dead  body ;  and  that  it  has  its  cause  in 

the  electiTe  attraction  of  thoie  diArent  agents  for  the 

elements  of  ivhich  the  hody  is  composed.    That  body, 

however,  was  equaUy  surrounded  by  those  agents  while 

living,  their  affinities  with  its  molecules  were  the  same, 

and  the  latter  would  ■  have  y  iehlied  in  the  same  manner 

during  life,  had  not  their  cohesion  been  preserved  by  a 

power  superior  to  that  of  those  affinities,  and  which 

never  ceased  to  act  until  the  moment  of  death."    It 

will  not  require  much  address  to  convert  any  objection 

against  the  utility  of  ehenocal  knowledge^  grounded 

upon  such  reasoning,  into  an  aigumeni  in  proof  of  its 

necessity  and  importance.    If  the  energies  of.  life  are 

thus  rendered  manifest  by  the  dominion  which  they 

exert  over  chemical  and  mechanical  forces,  it  certainly 

behoves'  the  physiologist  to  ascertain  the  nature  and 

extent  of  such.ferces ;  for,  without  determining  exactly 

the  exceptions  which  an  animated  body  enjoys  over 

that  which  is  inanimate,  how  can  he  expect  to  under* 

Stand  the  natiire  of  the  power  which  governs  it  ?  as 

well  might  the  mechanical  philosopher  attempt  to  mea« 

eure  the  force  of  a  machine  without  any  estimate  of 

the  weight  and  nature  of  the  materials  which  at  is  iie«r 

signed  to  actuate.  • 

8.  Nor  must  it  be  forgotten  that  in  some  of  the 
functions  of  the  living  body,  the  vital  energy  would 
seem  rather  to  correspond  in  its  action  with  chemical 
affinity,  than  to  oppose  or  supersede  its  influence ;  and 
several  of  the  senses  may  be  said  to  owe  their  energies 
to  the  perfection  of  organs  which  are  entirely  con^ 
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dtructed  upon  philosc^hical  principles*  Thus  are  the 
laws  of  optics  and  acoustics  in  active  operation  during 
the  exercise  of  the  visual  and  auditory  appanatUB ;  and 
it  is  a  quescion  whether  some  chemical  action  is  not 
established  by  the  agency  of  siqiid  bodies  upon  the 
epidermis  of  the  mucous  membrane  of  the  mouth ; '  it 
is,  at  least,  seen  evidently  in  some  cases,  as  in  die 
effects  of  vinegar,  the  mineral  acids,  a  great  number  of 
salts,  &c.  By  the  same  agents  similar  efibcts  are  pro* 
duced  upon  dead  bodies;  and  Dr.  Mcgendie  thinks 
that'  to  this  speties  of  combination'  the  di£Eerent  kincis- 
of  impressioi^made  by  sapid  bodies  may  be  fiiirly  attri- 
buted, as  well  as  the  variable  duration  of  such  impres- 
sions. Nor  is  it  reasonable  to  deny  that  many  of  our 
remedies  may  act  by  a  diemical  action  on  pie  alimen* 
tary  eanal ;  alkalies  are  thus  frequently  sarviceable,  l^y 
clearing  the  primcB  vim  of  superfluous  animal  matter^ 
which  they  effect  by  forming  with  it  a  soluble  com- 
pound. If  the  origin  of  animal  heat  cannot,  be  satis- 
factorily traced  to  a  strictly  chemical  source,  its  main- 
tenance, distribution,  and  regulation  may,  at  least,  b^ 
shewn  to  depend  upon  the  agency  of  those  laws  which 
alike  govern  the  temperature  of  linert  matter.  Do  we 
not  perceive  that  every  animal,  suffering  firom  dimi- 
nished temperature,  instinctively  diminishes  the  surface 
of  its  body,  which  is  in  contact  with  the  cooling  me- 
dium ?  M im,  under  such  circumstances,  is  seen  to  b^id 
the  difiereht  parts  of  his  limbs  upon  each  pther,  md 
to  apply  them  forcibly  to  the  trunk.*  It  will  be  also 
seeh^  when  we  come  to  consider  the  nature  of  capillary 
action,  that  many  of  the  phcehomena  of  living  bodies, 

which  have  been  erroneously  attributed  to  the  action 

— ' —        -'i  ,  ^  iiii 

*  Children  and  weak  persons  often  take  this  position  when  in 
bed.  It  would  therefore  be  improper  to  confine  young  cbtldrea 
\n  swathing  clothes,  se  as  to  prevent  the  necessary  dexlpn. 
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of  the  Hring  principle,  may  be  satkfactbrily  explained 
by  the  siBrple  operation  of  this  attractive  force.  The 
abenrdities'of  the  chemical  and  mechanical  sects  have 
undoubtedly  driven  the  moderti  physiologist  into  a 
misdiievous  scepticism  with  regard  to  the  influence  of 
physical  causes  upon  a  living  animal ;  John  Hunter 
even,  to  associate  whose  name  with  error  will  be  re- 
garded by  many  as  an  act  little  short  of  impiety,  has 
fepeatedly  attributed  to  the  specific  effect  of  /(/^^ 
actions  that  ought  to  be  'solely  referred  to  the  powers 
belonging  to  inanimate  matter.  In  the  same  manner, 
an  objection  to  impute  to  the  physical  property  of 
elasticity,  certain  phenomena  exhibited  by  membranous 
structure,  has  led  Bordieu,*  Bichat,+  Blumenbach, :): 
and  others,  to  assign  to  it  a  peculiar  vital  power  whose 
existence  has  neither  been  proved  by  experiment,  nor 
rendered  probable  by  analogy. 

9.  But  there  is  another  point  of  view  in  which  the 
same  question  may  be  advantageously  regarded;  the 
pathologist  will  have  to  contemplate  the  living  powers 
in  various  states  of  languor  and  decay,  when  they  will 
be  found  incapable  of  wholly  resisting  the  laws  which 
govern  inanimate  matter;  and  we  shall  learn,  during 
the  progress  of  the  present  work,  that  in  certain  con- 
ditions of  the  human  body^  several  of  the  fluids  will 
undergo  the  same  chemical  decompositions,  as  vrbiild 
take  place  in  the  laboratCNry.  The  same  obseiVation 
will  i^ply  to  the  agency  of  mechanical  causes.  In  a 
state  of  perfect  health,  the  fluids  of  the  body  will  not 
descend  to  the  ii^erior  parts,  agreeably  to  the  law  of 
gravitation,  because  the  vital  power  oj^ses  itself  to 

this  hydraulic  phoenomenon,  and  with  an  enei^,  in 

— __^^^^^__^.^.^^^.^_^^„__      ^_^^_^_^_^^.^^^.^.^_^.^.,^^^_^_^^^^,^^,^^^^^„ 

*  Recberclies  sur  le  TiaBU  Muqueiu,  %  70. 

t  Traits  des  Membranes,  p.  69, 101,  138. 

X  Institut  Pbjsiolog.  ^  40,  59.  * 
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propottion^' M  U  wbuUrfleein,  to  the  lolAist  and 
vigoroui  stfite  of  the  incfitidiial;  Ibr^  if  the  penoti  be 
mlaoed-b]f  dieemc^  tins  teiidaicj'wiUbe>oiiIy  imper* 
feodj  jreaisted-;  the  feet  bk  consequenoe  will  'tfwell.  Tho 
foUoifring'-eiqperiiiieitt.  of  Richeiaxid  may  be  here  Te* 
latedy  tO' Aev  how  greatly  thb  power  mawife»t«i  in  <he 
living  bo%  ef  Tesifitiiig^  with  more  or  leis  eaccte^^  the 
influence  of  physical  foiVse^' irenieebled  by  disease*  He 
applied  bags  filled  with  very  hot  sand  all  along  the  kg 
and  foot  of  a  man  who  had  jost  ondeigone  the  opera* 
tion  fiar  popliteal  aneiuisin.;  the  artery  was  tied  in  tw6 
places  .under  the  ham**  Not  only  was  the  usual  coUU 
nesB  which  follows  an  interruption  of  the  circulation 
thuspremled,  but  the  extremity  no  iMoiagM  acquired 
a  degree  of  heat  mudi  greats  than  the  ordinary  tern* 
peffatuve«  of  the  body*  The  same  apparatus,  when 
applied  to  a  healthy  limb,  was  unable  to  produce  that 
excess  of  cdoric,  obviously  in  coiisequenoe  of  the 
energy  of  life  opposing  such  an  effect* 

10. '  Mr.  Earle  has  published  an  iiktekesttng  paper* 
to  prove  that,  when  a  limb  is  deprived  of  its  due  share 
of  vitality,  it  is  incaqpable  of  supporting  any  fixed  tem^ 
peratore,  and  is  peculiarly  liable  to  partsloe  of  the  heat 
of  surrounding  media*  The  cases  which  are  adduced 
prove  also  that  a  member  so 'circumstanced  cannot, 
without  material  injury,  sustain  a  degree  of  heat  whidi 
would  be  perfectly  harmless,  or  even  agreeable,  to  a 
healthy  part;  thus,  the  arm  of  a  person  became  para* 
lytic,  in  concfeqiience  of  an  injury  of  the  axillary  pkxus 
of  nerves,  from  a  fracture  of  the  collar  bone ;  upon 

keqping  the  limb,  fcur  nearly  half  an  hour,,  in  a  tub  of 

■  ■     ■'        I   I     ■■         I  .  I I,  II, .    ,   , It, 

*  Caaes  and  Observatioiis*  illiutratiog  the  influence  of  the 
Nervous  System,  in  r^ulating  animal  heat,  bj  H.  Earie,  Esq. 
Published  in  the  7th  volume  of  the  Traosactions  of  the  Medico- 
Society. 
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WBToi  griam  ^  ««^hidi  were  >pretioii8ly  ascertMiied  bj* 
die  atho-  baiid  fs^tt^be  $oo'hOij*  the  whoto  hand  W 
came  blisteTcd  in  ft  most  AktrmHig  miLiiii^  and  Bloughs 
formed  at  the  extr^Btttied  of  the  fingers^  :  In  ^  udoond 
case,  ihe  uliMOr  ilerte  had  b^en  dirided  by  the  mif^n, 
for  the  cure  ef  apainftil  affection  of  the  am' ;  the  con- 
•equenee  of  which  operation  wato^  that  the  {latient  waa 
incapable  of  wa&hing4n  water  at  a  temperature,  that 
was  qnite  bar noSess- to  every -dul^vitldiaed  part,  with* 
out  snflferkig  from  veneatiiMi  lind  elougha* 

11.  It  felkywB  then  that-  the  ^ATHOLOGier  may 
frequently  derive  important  eonciusion*  from*  the  doc^ 
trines  of  Chemistry,  although  we  must  deeply  regvet 
that  thifl  department  of  medical  knowledge^  like  that 
of  Physiology,  should  have  suffered  from  too  ••hasty 
generalization ;  but  let  no  one  attempt  to  Uderate  his 
apathy,  or  to  encourage  his  despair,  -by  a  refoienee  to 
failures  which  have  arisen,  On  the  one  hand,  'from  a 
deficiency  of -knowledge,  and,  on  the  other,  from  errors 
which  are  to  be  solely- attributed  to  a  perv^^ion  of  it; 
let^him  rather  seek  encouragement  in  the  contemplation 
0f  those  useful  knprovements  which  have  been'  derived 
fitym- the  judicious  applieation'of  chemical  science,  and 
which  are  daily  augmenting  the  resources  of  the  intel«- 
ligent  phydcian,  and  tending  to- diminish  the  aggr^te 
of  human  suflferingv 

IS.  To  the  Ph ABM ACOLOOisT  tbe  chemicd'  history 
of  the  Materia  Medica  forms  an  indiq)ensable  subject 
of  inquiiy.  It  was  a  natural,-  and  c'onsequently  an 
earty*  conjecture,  that  substances  which' possessed  ah 
analogy  to  each  other  in  their  action  on  the  living  sys- 
tem, must  bear  a  corresponding  resemblance  in  their 
composition;  whence  chemical  analysis  veas  eagerly 
embraced  as  the  means  of  obtaining  a  knowledge  of 
their  medicinal  properties.    There  can  be  little  doubt 
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of  tlie  justness  of  such  a  condusion,  as  a  general  pro- 
position, and  although  its  aj^lication  has  frequently 
ftiled,  the  failure  must  be  rather  attributed  to  our  very 
unperfect  acquaintance  with  all  the  conditions  of  the 
problem,  than  to  any  fidlacy  in  the  proposition  itself. 
Thus,  in  the  earlier  part  of  the  seventeeth  century  we 
find  the  Chemists  uniyamlly  engaged  in  the  anelyus 
of  the  diffisrent  vegetables  used  as  repiedies;  many 
hundred  plants  were  accordingly,  for  this  purpose, 
submitted  to  examination^  but  not  a  single  result  was 
obtained  that  could  in  i^iy  4egre^  saiictipn  the  pre- 
tensions of  this  science  to  tha,t  practical  utility  which 
theory  had  assigned  to  it ;  the  most  ipert,  and  the  most 
virulent,  vegetables  were  found  to  afibrd  the  s^m?  pro- 
ducts. That  such  a  &i)ure,  however^  was  not  at- 
tributable to  the  non-existence  of  those  relations  which 
they  had  endeayo.ured  tp  trace,  is  at  once  rendered 
evident  on  comparing  the  successful  results  whi^h  have 
been  obtained,  within  ^he  last  few  years,  by  pursuing 
the  same  general  principle  of  investigation  by  more 
perfect,  and  less  objectionable  processes.  Had  even 
the  experimentalists  of  the  seventeenth  century  con<f 
ducted  their  operations  with  all  those  essential  precau- 
Xion^  wh^ch  it  was  impossible  that  the  state  of  Chemis- 
try at  that  period  could  have  suggested,  the  manner  in 
which  their  analyses  were  performed  was  such  as  to 
have  precluded  the  chanice  of  afiy  usefol  result,  for  the 
plan^  subjected  tp  e^anuna|ipn  were  indiscriminatdy 
expo8e4  to  he^t,  ai^d  the  products,  90  olHained  by 
their  destruction,  pol]ecte4  and  rudely  examined ;  noyf 
it  is  quite  glear  (ha(  these  producte  did  not  preexist  in 
the  vegetable,  hut  were  formed  by  new  combinations 
of  its  elements ;  and,  since  these  elements  are  in  aV 
fegetables  nearly  the  sam^,  we  cannot  be  surprised 
that  the  experimentalists  s^ouj^  have  been  in^apabtp 
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t>f  tracing  the  least  eonnection  between  tliem  uid  tlie 
qualities  of  the  substance  from  which  they  were  so 
obtuned.  With  equal  reason  and  success  might  they 
have  attempted  to  appreciate  the  style  of  a  literary  pro- 
duction by  ascertaining  the  letters  of  which  its  words 
were  composed* 

13.     When  we  enter  upon  the  subject  of  Vegetable 
Chemistry,  the  Student  will  learn  that,  by  adopting  a 
more  refined  method  of  experimenting,  we  have  at 
lengdi  succeeded  in  obtaining  the  active  princijdes  of 
many  of  the  most  valuable  vegetable  remedies,  and 
that  the  Chemist  has  been  thus  enabled  to  reconcile 
many  anomalies,  which  were,  previous  to  such  dis- 
coveries, in  af^Kuent  discordance  with  the  conclusions 
of  medical  experience ;  while,  on  the  other  hand,  the 
practitioner  has  received  from  the  laboratory  an  inte- 
restii^  confirmation  of  those  views  which  he  derived 
firom  observations  made  at  the  bed  side ;  thus,  it  was 
stated  in  the  first  edition  of  my  Pharmacologia,*  that 
the  result  of  the  practice  at  the  Westminster  Hospital, 
in  cases  of  Gout  and  Rheumatism,  afforded  consider* 
able  support  to  the  conjecture  of  Mr.  James  Moore, 
respecting  the  composition  of  the  Eau  Medicinale^ 
who  considered  the  Hellebore  as  its  active  ingre- 
dient.    As  soon,  however,  as  it  was  known  that  the 
Colchicum  autumnale  constituted  its  basis,  the  sup- 
posed error  into  which  so  many  practitioners  had  been 
betrayed,  furnished  an  ample  theme  for  the  pen  of  the 
cynic ;  but  the  heavy  charge  under  which  we  might 
have  fidlen  for  having  carelessly  observed,  and  igno- 
rantly  mistaken,  the  efiects  of  such  a  medicine,  has  been 
completely  cancelled  by  the  discovery  of  the  singular 

•  Published  in  the  year  18 IS. 
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&ct,  th^t  Colckieum  and  Varairmm,  alike  owe  their 
properties  to  one  and  the  same  alkaline  principle. 

14*  To  what  extent  our  list  of  important  veaiedfes 
hf^  been  incieaaed  hy  the  aid  of  Chemistry  must  b^ 
come  apparent  on  U10  sUghtest  inspection  of  the 
Pharmacopoeia;  while  the  fatal  blundem  into  which 
•the  practitioner  who  preaccibes  them  may  be  betrayed 
from  a  deficient  knoiwledgeiof  the  same  branch  of  sci- 
ence, has  been  tery  fiiUyy  and  I  trust  satisfactorily, 
pointed  out  in  the  variona  editions  of  my  woik  on 
Pharmacology*  The  adultcmtion  of  Medicines  b  an- 
•other  subject  for  the  comprehension  <^  which  a  certain 
portion  of  chemical  knowledge  is  essentially  neeessaiy ; 
vud,  lastly,  the  investigation  of  Pdisons  derives  most  of 
its  vakbefrom  the  accuracy  and;siiccees  with  whicii  this 
-nutter,  key  o£  science  may  be  appHed  for  disclosing 
the  many  obadure  facts  which  are  inTolved  in  the  his- 
tory of  these- agents**. 


'mm^m^mm^m^mm^im.mt^^mfmmm^m^ 


.  *-  Upon  .this  subject  the  reader  may  consult  our  work  on 
*♦  Medical  Jurisprudence^*'  VoL  ii.  Jrt.  Pauau9. 
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15.  Whatever  is  capable  of  acting  upon  our  senses 
has  been  denominated  Matter. 

16.  HThis  definition,  however,  is  too  general  to  be 
unexceptionable.  Light  afiects  our  organs  of  vision, 
and  Caloric  and  Electricity  our  sensations,  and  yet  it 
is  doubtlul  whether  such  effects  are  produced  by  the 
agency  of  distinct  matter;  they  may  be  the  result  of 
certain  forces,  or  of  modifications  of  other  bodies,  or 
each  may  be  an  essence  sut  generis. 

17.  Matter  may  be  more  correctly  defined  to  be 
that  which  is  capable  of  occupying  space,  or  which  has 
the  qualities  of  length,  breadth,  and  thickness. 

18.  A  BoDT  is  any  portion  of  matter. 

19.  Matter  is  said  to  possess  certain  essential  or 
general  properties,  such  as  Extension^  Dvoisibilitt/y 
Impenetrability y  Porosity^  Mobility^  and  the  power 
of  attracting^  or  being  attracted^  to  which  may  be 
added  Polarity^ 

20.  For  this  enumeration  of  properties  we  are 
indebted  to  the  Natural  Philosopher,  who,  unlike  the 
Chemist,  only  regards  masses  of  matter  without  a 
reference  to  its  ultimate  structure ;  it  will  accordingly 
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be  found)  that  some  confusion  has  arisen  from  an  in-* 
discriminate  application  of  the  same  terms  to  matter,  in 
a  state  of  aggregation,  as  well  as  to  the  primitiye  mate- 
rials of  which  such  masses  are  composed.  These  diffi- 
culties will  become  apparent  in  the  progress  of  the 
enquiry,  and  will  be  successirely  combated  as  they 
arise* 

81.  Besides  the  properties  above  enumerated,  mat- 
ter is  said  to  possess  certain  secondary ^  or  contingent 
properties,  such  as  Elasticity y  Fluidity^  &c.  and  which, 
by  their  combination  with  the  general  properties,  con- 
stitute the  condition  or  state  of  bodies.  It  is  by  gain- 
ing or  losing  some  of  these  secondary  properties  that 
bodies  change  their  state;  thus,  water  may  appear 
under  the  form  of  ice,  under  that  of  a  fluids  or  of  a 
vapour,  although  it  is  always  the  same  body. 

S2.  When  we  speak  of  the  mechanical  properties  of 
matter,  we  mean  those  which  are  obvious  upon  any  of 
the  mechanical  operations  of  breaking,  weighing,  mea. 
suring,  or  the  like,  without  any  regard  to  the  compo- 
sition of  the  body  under  examination;  thus,  the  gene- 
ral mechanical  effects  of  water  will  be  the  same  whether 
it  be  taken  from  a  river  or  a  spring;  and  so  of  the 
various  gases  or  airs,  although,  if  their  composition  be 
examined,  they  will  be  found  very  diflferent ;  such  an 
examination  can  only  be  effected  by  chemical  iheans, 
and  the  properties  so  discovered  have  therefore  been 
properly  distinguished  by  the  term  chemical  properties 
of  matter. 

SS.  Divisibility  is  a  property  whicb  belongs  to 
every  substance  which  can  be  brought  under  the  cog- 
nizance of  our  senses;  but  it  by  no  means  follow^  that 
matter  in  its  elementary  state  possesses  it;  indeed  it  is 
more  probable  that  at  some  term,  however  distant,  the 
resulting  particles  lapse  into  simple  atoms  incapable  of 
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any  further  resolution.*  If  marble j  or  any  Inittle  sub- 
stance, be  reduced  to  the  most  impalpable  powder 
which  art  can  produce,  its  original  particles  will  not  be 
bruised  or  affected;  since,  if  this  powder  be  examined 
by  a  microscope,  each  grain  will  be  found  a  solid 
stone,  similar  in  appearance  to  the  block  from  whence 
it  was  bioken;  and,  of  course,  if  we  possessed  suit- 
able implements,  would  admit  of  being  again  sub- 
divided, or  reduced  to  a  still  finer  powder.  To  what 
extent  this  reduction  might  be  carried  before  we  arrired 
at  the  simple  elemoitary  atom,  we  shall  probably  never 
be  able  to  conjecture,  for  the  divisibility  of  matter,  if 
not  infinite,  at  least  exceeds  the  utmost  limits  of  our 
imagination*  The  marble  steps  of  the  great  churches 
in  Italy  are  worn  by  the  incessant  crawling  of  abject 
devotees;  nay,  the  hands  and  feet  of  bronze  statues 
are,  in  the  lapse  of  ages,  wasted  away  by  the  ardent 
kisses  of  innumerable  pilgrims  that  resort  to  those 
shrines..  What  an  evanescent  pellicle  of  the  metal, 
says  Mr.  Leslie,t  must  be  abraded  at  each  successive 


*  Amongst  the  different  argomeots  tHiich  might  he  adduced  in  - 
npfort  of  such  an  idea,  none  is  more  forcihle  than  that  mhiok  is 
affbided  bj  Dr.  WoUatton  in  bis  paiHsr  on  ''  The  finite  extent  of 
the  Atmosphere/'  (Phil.  Trans.  1888.)  This  distinguished  phi- 
losopher considers  the  non-exisU^ce  of  a  perceptible  atmosphere 
aronnd  the  Sun  as  a  fact  conclusive  against  this  indefinite  divisi- 
bility of  matter  t  for,  were  it  infinitely  divisible,  so  also  must  be, 
the  extent  of  our  atmosphere,  which  would  thus  pervade  all  space, 
and  be  gathered  and  condensed  around  the  Sua»  Mooai  and 
Planels,  ia  a  proportion  corresponding  with  the  force  of  their 
Kspective  attractions.  The  value  of  the  argument  cannot,  how- 
ever, be  understood  by  the  student,  until  he  is  made  thoroughly 
acquainted  with  the  nature  and  laws  of  gravitation,  as  explained 
m  a  future  section  of  th    work. 

+  Leslie's  Elemen        Natural  Philosophy. 

B 


1^  Ditisibaity  of  Matter  exemplified 

m 
I 

contact!  Tbad  a;gain,  a  tingle  graiii  of  the  Sulphate 
of  Copper  will  communicate  a  fine  ature  tint  to  fire 
gallon^  of  water ;  in  which  case,  the  Copper  must  be,  at 
least,  attenuated  ten  million  times,  and  yet  each  drop 
of  the  liquid  may  contain  as  many  coloured  particles 
distinguishable  by  our  unassisted  vision ;  and,  if  the 
experiment  be  extended  by  still  fkrther  dilution,  so 
that  the  metal  shall  cease  to  be  an  object  of  sense,  it 
may  nevertheless  be  recognised  by  chemical  tests.  In 
the  same  manner,  to  what  a  most  extraordinary  degree 
pf  division  are  odorous  bodies  reducible  ?  a  single  gndn 
of  Musk  has  been  known  to  perfume  a  large  room  for 
the  space  of  twenty  years ;  at  the  very  lowest  compu- 
tation, the  Musk,  in  such  a  case,  must  have  been  sub- 
divided into  380  quadrillions  of  particles,  each  of  which 
was  capable  of  affecting  the  olfactory  organs.  In  like 
manner  a  lump  of  Assafoetida  exposed  to  the  open  air, 
and  filling  the  surrounding  atmosphere  with  its  eiSuyia, 
wa3  found  to  have  lost  only  a  single  grain  in  seven 
years. 

S9.  Nor  are  we  compelled  to  derive  our  illustrations 
of  the  almost  infinite  divisibility  of  mattar  from  in- 
animate bodies  only;  the  naturalist  and  physiologist 
will  supply  us  with  a  multitude  of  striking  examples 
from  the  vegetable  and  animal  kingdoms.  How  ex- 
tremely minute,  for  instance,  must  be  the  parts  of 
the  seed  by  which  the  peculiar  plant  constituting 
mouldiness,  is  propagated?^  for  Reaumur  foiuid  this 
production  in  the  interior  of  an  addled  egg,  whence  the 
Seeds  must  have  passed  through  the  pores  of  the  shril  I 
Mr,  Leewenhoeck  has  informed  us,  that  there  are  more 
animals  in  the  putrefying  milt  of  a  cod-fish  than  there 
are  men  on  the  whole  earth,  and  that  a  single  grain  of 
sand  is  larger  than  four  millions  of  these  ci^atures,  so 
that  thousands  of  them  could  be  lifted  on  the  point  of 
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a  needle,  and  yet  each  indiyidual  must  lye  provided 
with  a  series  of  organs;  of  what  inconceivable  minute- 
ness then  must  be  the  ultimate  fibres  of  such  organs  ! 
But  the  infusory  animalcules,  as  they  are  termed,  dis* 
play  in  their  structure  and  functions,  the  most  trans- 
cendent attenuation  of  matter.  The  Vibrio  Undula^ 
found  in  duck-weed,  is  computed  to  be  ten  thousand 
million  times  smaller  than  a  hemp-seed.  The  Vibrio 
Lincola  occurs  in  vegetable  infusions,  every  drop  of 
which  contains  myriads  of  those  points.  The  Monas 
Gelatinosa^  discovered  in  ditch-water,  appears  in  the 
fidd  of  a  microscope  a  mere  atom  endued  with  life, 
millions  of  which  are  seen  playing,  like  the  sun-beams, 
in  a  single  drop  of  liquid. 

84.  The  human  structure  likewise  affords  many 
wonderful  instances  of  similar  attenuation.  The  red 
globules  of  the  blood  have  an  irregular  roundish  shape, 
firom  the  SSOOth  to  the  3900th  of  an  inch  in  diameter 
with  a  dark  spot  in  the  centre  of  each.  The  globules 
of  perspirable  matter  have  been  computed  as,  at  least, 
ten  times  smaller  than  those  of  the  blood,  each  being 
about  the  5000th  part  of  an  inch  in  diameter,  and  when 
the  quantity  of  perspirable  matter  which  is  daily  dis- 
charged, and  the  number  of  pores  through  which  it 
passes,  are  estimated,*  it  will  follow,  that  no  fewer 

*  It  bas  been  computed,  that  the  9kin  is  perforated  by  a  thou* 
aaod  holes  in  the  length  of  an  inch.  If  we  estimate  the  whole 
surface  of  the  body  of  a  middle  sized  man  to  be  sixteen  square  feet 
it  most  contain  not  less  than  two  millions,  three  handred  and  four 
tbaoflvnd  pores.  Tliese  pores  are  the  mouths  of  8&  many  excretory 
iiDwlfl,  which  perform  the  important  function  of  Insensible  Per<r 
ipiratioa.  The  lungs  discharge,  every  minute,  six  grains,  and  the 
luriace  of  the  skm,  from  three  to  twenty  grains,  the  average  oyer 
the  whole  body  being  about  fifteen  grains  of  lymph,  consisting  of 
water,  with  a  very  minute  admixture  of  Salt,  Acetic  acid,  and  a 
trace  of  Iron.    LttUe's  Katiiral  Pbilesophy. 
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than  400  of  such  glohules  must  issue  from  each  orifice, 
every  second. 

25*  Porosity  is  a  property  belonging  to  all  bo 
dies  with  which  we  are  acquainted,  and  is  so  difiuse 
throughout  them,  that  it  is  by  no  means  an  improbable 
supposition  that  their  real  bulk  may  bear  no  sensible  pro- 
portion to  the  space  which  they  appear  to  occupy.  Upon 
the  extent  of  this  quality  the  relative  densities  of  dif- 
ferent bodies  depend  ;  thus,  for  example,  if  it  be  sup- 
posed that  a  million  particles  of  Gold  are  contained  in 
a  cubic  inch  of  that  metal,  500,000  particles  of  Iron, 
might  also  be  capable  of  occupying  that  same  space,  or 
100,000  particles  of  Wood.  In  the  iron  and  wood 
there  must,  therefore,  be  many  more  interstices,  or 
pores,  than  in  the  gold,  and,  of  course,  the  gold  will 
be  the  heaviest,  or  most  dense.  This  superior  density, 
and  weight  does  not  therefore  arise  from  the  individual 
atoms  of  gold  being  heavier  than  those  of  wood,  but 
from  a  greater  number  of  them  being  forced  into  the 
same  space,  for  it  is  assumed,  that  the  original  particles, 
of  matter,  although  they,  may  possess  different  forms 
and  magnitudes,  nevertheless  possess  the  same  relative 
weight  or  density* 

This  hypothesis  is  not  unsupported  by  experiment*. 
Gold,  for  instance^  which  is  one  of  the  heaviest  of 
solids,  may,  by  being  dissolved  in  nitro-muriatic  acid, 
and  having  its  solution  transferred  to  ffither,  be  made 
to  remain  equally  suspended  in  every  part  of  the  lightest 
of  all  visible  fluidr* 

86.  The  term  Porositt/^  then,  can  evidently  be 
alone  applied  with  propriety  to  aggregates ;  it  neces* 
sarily  implies  division,  and  cannot  therefore  hav^  any 
relation  to  atoms  which  are  indivisible.  By  pursuing 
this  subject  &rther  than  may>  be  necessary  to  correct 
popular  fallacy,  we  should  only  merge  into  metaphy* 
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sical  speculations,  which  are  generally  little  more  than 
nnsaccessful  efibrts  to  extend  the  boundaries  of  human 
knowledge  beyond  the  reach  of  the  human  faculties. 

27.  The  existence  of  porosity  in  every  species  of 
matter  which  can  be  subjected  to  our  senses,  is  suffi- 
ciently proved  by  the  universal  compressibility  of 
bodies.    There  is  no  substance,  however  dense,  that 

'  may  not  be  made  either  by  pressure,  or  reduction  of 
temperature,  to  occupy  less  space ;  and,  were  it  possi- 
ble to  bring  the  ultimate  atoms  into  absolute  contact, 
the  globe  itself  might  probably  be  compressed  into  an 

'  extremely  narrow  compass. 

28.  Nor  is  the  arrangement  of  the  atoms  of  matter 
which  is  thus  indicated  by  its  porosity,  less  important 

'  than  its  universality  is  obvious.  It  is  clear  that;  if  the 
constituent  particles  had  not  been  so  disposed  in  rela- 

'  tion  to  each  other,  as  to  have  allowed  free  latitude  of 
motion,  •  natural  bodies  could  never  have  undergone 

•those  changes  in  form  and  composition,  upon  which 
their  utility  in  the  scheme  of  creation  entirely  depends, 
It  becomes  a  question  even,  whether  they  could  have 
been  susceptible  of  change  of  temperature,  for,  if  we 
regard  Caloric  as  material  in  its  nature,  there  would,  in 
such  a  case,  have  been  no  space  to  hav^  allowed  its 
ingress ;  and,  if  we  consider  it  as  a  specie^  of  vibration, 
it  is  equally  evident  that  the  atoms  without  free  motion 
could  never  have  vibrated,  for  the  act  of  vibration  ne- 
cessarily implies  change  of  place. 

29.  Impenetrability.  The  existence  of  this 
property  necessarily  follows  from  the  incontrovertible 
fiict,  that  no  two  bodies  can  occupy  the  same  place  in 
the  same  precise  instant  of  time. 

30.  The  atoms  of  matter,  whether  they  be  so  ar^ 
ranged  as  to  constitute  gases,  liquids,  or  solids,  are 
impenetrably  hard ;  a  property  which  Nature  appears 
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to  have  msely  adopted,  m  order  to  iadurb  etemity  to 
her  ^^orksy  and  to  render  tbcoa  inc^MiUe  of  waste  or 
decay ;  for,  although  to  the  superficial  observer,  matter 
may  in  many  instuices  seem  to  disappear,  as  in  the 
cases  of  burning  and  evaporation,  yet  the  Chemist's  art 
distinctly  proves  that  it  is  incapable  of  annihilation, 
and  that  the  original  atoms,  in  all  cases,  still  exist, 
although  by  change  of  arrangement  they  are  made  to 
assume  different  states. 

31.  Although  the  quality  of  impenetrability  is  thsis 
•hewn  to  be  inseparable  from  the  idea  of  an  elementary 
atom,  it  nevertheless  cannot  be  said  to  relate  to  aggr^ 
gates  or  masses;  for  a  solid  or  fluid  of  certain  dimen- 
sions may  be  incorporated  with  other  bodies,  without 
any  change  in  its  magnitude,  but  in  this  case;,  tl|e 
interstices  admit  the  new  matter,  and  a  corresponding 
increase  of  density  arises.  This  phenomenon  perpe- 
tually occurs  in  the  processes  of  chemistry,  and  its 
nature  should  be  distinctly  imderstood  by  the  student ; 
it  has  been  termed  a  penetration  qfdimefuiom.  Thus, 
for  instance,  if  a  pint  of  water  and  a  pint  <^  oil  of 
vitriol  be  mixed  together,  the  mixture  will  not  measvvfe 
a  quart.  The  d^ifiity  of  the  compound  is  manifest^ 
increased  by  this  circumstance ;  and  it  will  be  increased 
in  the  same  {Mroportion  as  the  bulk  is  diminished*  Jn 
like  manner  two  equal  quantities  of.  water  and  stroi^ 
spirit,  when  mixed,  will  not  produce  double  the  first 
quantity,  though  their  joint  or  separate  weights  are  not 
disturbed.  The  phenomenon  is  one  of  considerable 
importance,  for  it  presents,  as  we  shall  hereafter  find 
a  considerable  practical  difficulty  in  obtaining  correct 
results  in  the  applicatioii  of  the  hydrometer.  The 
•rationale  of  the  phenomenon  will  be  more  readily  under- 
ntvod  from  the  annexed  diagram. 
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If  we  suppose  A  and  B  to  represent  the  atoms  of 
water  and  alcohol,  respectively,  and  C,  their  mixture, 
it  will  be  seen  that,  in  consequence  of  their  greater 
approximation,  the  dimensions  of  the  mixture  will  be 
less  than  the  sum  of  those  of  the  two  ingredients  when 
separate. 

S8.  Polarity,  or  a  power  of  arrangement,  must 
evidently  be  admitted  as  a  property  with  which  the 
atoms  of  matter  are  endowed.  Each  body  would  thus 
appear  to  possess  a  structure  peculiar  to  itself;  for 
example,  a  piece  of  iron,  tin,  or  any  other  metal,  or 
substance,  will,  when  broken,  always  exhibit  the  same 
arrangement  and  disposition  of  parts,  or  Grain^  as  it  is 
sometimes  called.  Upon  this  principle  also  are  the 
phcenomenaof  Crystallization  to  be  wholly  explained. 
To  the  same  property,  in  conjunction  with  the  relative 
force  of  cohesion,  we  may  refer  that  variety  distinguish- 
able in  bodies  with  respect  to  their  hardness,  soilness, 
ductility,  elasticity,^  fragility,  &c.    We  may  imagine 
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for  instance,  that  when  the  particles  of  bodies  are  dis- 
posed without  any  order,  they  cannot  afford  a  strong 
resistance  to  a  motion  in  any  direction;  but  that,  when 
they  are  regularly  arranged  in  certain  positions  with 
respect  to  each  other,  any  change  of  form  must  displace 
them  in  such  a  manner  as  to  increase  the  distance  of  a 
whole  rank  at  once,  and  hence,  that  they  may  be  enabled 
to  co-operate  in  resisting  such  a  change;  just  as  a  dis- 
ciplined regiment  is  capable  of  affording  more  resistance 
than  an  unorganised  mob. 

Before  we  proceed  to  the  consideration  of  the  ele- 
mentary constitution  of  different  bodies,  it  will  be  ne- 
cessary for  the  student  to  become  thoroughly  acquainted 
with  the  efiects  of  that  universal  force,  to  which  all 
matter  is  subservient,  and  which  is  expressed  by  the 
term  Attraction. 
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SS.  Attraction  may  be  considered  under  several 
modifications,  not.  as  being  in  itself  a  variable  and 
inconstant  power,  but  as  manifesting  different'  phceno- 
mena,  in  relation  to  the  circumstances  and  conditions 
under  whidi  it  operates.  The  nature  and  origin  of 
this  force  are  entirely  unknown  to  us,  but  some  of  its 
more  important  laws  have  been  discovered,  and  sue* 
cessfuUy  a}^Ued  in  the  investigation  of  the  phoenomena 
of  the  Universe* 

34.  The  following  Tabular  arrangement  exhibits 
the  different  species  of  Attraction,  which  it  will  become 
our  duty  to  investigate,  viz. 
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35.  Attraction  may  h%  defined,  that  force  which 
causes  distant  bodies  to  i^proach  each  other,  while  it 
preserves  those  which  are  contiguous,  in  apparent 
contact. 

36.  It  may  therefore  be  considered  as  acting  be- 
tween large  masses  of  matter  at  sensible  distances, 
when  it  is  termed  the  Attraction  of  Gravitation  ; 
or,  as  operating  between  the  minute  atoms  of  bodies, 
at  insensible  distances,  when  it  is  donominated  Con- 
tioiTous  Attraction.  This  latter  force,  moreover, 
admits  of  a  further  distinction,  as  it  may  act  between 
similar  or  dissimilar  particles  of  matter.  In  the  former 
case,  at  for  instance,  whene  it  operates  between  the 
particles  of  marble,  it  is  termed  the  Attraction  ow 
Aogbbgation,  or  Cohesion,  since  the  effect  c^  it  is 
to  produce  an  aggregate  or  mass;  but,  in  the  Iptter 
case,  where  it  brings  tpgether  particles  perfectly  dis* 
similar  in  their  nature,  as  those  of  an  acid  and  an 
alkali,  or  an  earth,  it  is  termed  Chbmioal  Avfinitt, 
and  the  result  is  a  new  body.  It  will  be  necessary  to 
consider  the  laws  and  phenomena  of  thesib  forces  with 
attention,  for  they  constitute  the  basis  of  all  our 
knowledge  respecting  the  composition  and  affections 
of  matter. 

GRAVITATION. 

37.  This  force  acts  on  bodies  remotely  situated 
with  respect  to  each  other,  directly  in  proportion  to 
the  quantity  of  matter,  and  imo^selj/  as  the  square  of 
the  distance.  It  is  the  operation  of  this  power  which 
maintains  the  moon  in  her  orbit,  and  upholds  the  cir- 
culation of  the  whole  system  of  jdanets  around  the 
sun,  and  which  causes  every  body  upon  our  globe  to 
fall  towards  ifs  centre,  or  in  other  words,  in  a  line 
perpendicular:  io  its  surface. 
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38.  Since  the  force  of  Grsvitadon  is  in  proporticm 
to  the  quantity  of  matter,  it  necessarily  follows  from 
the  globttlflr  form  of  the  earth,  that  i(  will  f»ict  in  the 
direction  of  a  line  passing  throMgfa  its  cenjtre ;  for  the 
longest  line  that  f^an  be  drawti  is  a  diameter,  and 
which  must  therefqre  pass  through  the  greatest  quan- 
tity of  matter  concai|ied  in  any  one  directioni  as  th^ 
aniiexed  diagram  may  more  clearly  illustrate. 

39*  As  the  gravity  of  any 
mass  is  only  the  sum  of  chat 
•qt  its  {XMrticles,  it  may  be 
employed  as  the  ea^ptes^n 
of  quantity  of  mailer,  w;hence 
the  theory  of  the  balance 
becomies  obvious.*  Susco, 
however,  it  hiis  been  juA 
stated,  that  natter  gravitates 
as  the  «quaiieft  of  the 


witli  a  force  whidi 
dimMoe,  it  is  evident  that  the  weight  of  a  body  cansiot 
be  the  same  in  all  places  and  situations.  It  is  stated  by 
Professor  Leslie  Uiat  a  lump  of  lead,  which  weighs  a 
thousand  pounds  at  the  surface  of  our  globe,  would  lose 
two  pounds,  as  indicated  by  a  spiral  spring,  if  carried  to 
the  top  of  a  mountain  four  miles  high  ;  and,  if  it  could 
be  conveyed  as  deep  into  the  bowels  of  the  earth,  it 
would  lose  one  pound.  The  same  mass  transported 
fiom  Edinburgh  to  the  Pole  would  gain  the  addition  of 
three  pounds ;  but,  if  taken  to  the  Equator,  it  would 
sufier  a  loss  of  four  pounds  «nd  a  quarter,  since  from 
the  ellipticity  of  the  earthy  it  vwuld  in  such  a  situation 


*  /Te^iU  aatl  ^410%  are  geoerally  considered  as  one  and  the 
same  thiqg}  although  some  philosophers  distinguish  the  latter  as 
the  quality  inherent  in  the  body,  and  the  former  as  the  samf 
quality  eicrting  itself  according  to  its  natural  tendency. 
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be  farther  removed  from  the  general  mass  that  in- 
fluences it.* 

40.  As  it  appears,  then,  that  the  quantity  of  the 
bodies  we  employ  in  our  various  operations  is  most 
accurately  determined  by  their  force  of  gravitation,  or 
zteighty  it  becomes  necessary  to  adopt  some  standard 
of  comparison,  by  which  such  relations  may  be  ex- 
pressed ;  but  as  this  has  ev6r  been  derived  from  some 
initial  quantity  of  arbitrary  value,  we  find  the  weights 
and  measures  of  different  countries  and  ages  variable 
and  precarious.  At  present  we  have  two  kinds  of 
weight  in  common  use ;  viz.  2Voy,  and  Avoirdupois* 
The  former,  which  is  of  Norman  origin,  is  used  in  the 
valuation  of  gold  and  silver,  and  in  the  composition 
of  medicines.  The  latter,  which  appears  to  have  been 
introduced  by  the  Romans,  is  the  one  universally  em- 
ployed in  this  country  in  every  species  of  merchandize. 
The  following  Table  exhibits  the  mimner  in  which 
the  Troy  or  Apothecaries  pound,  and  the  AvQirdupois 
pound  are  divided. 

TBOT   WEIGHT. 
Fotmd.       Oumcei»       Draeknu.         ScntpUi,  Ormnt, 

1    =    12    =    96    =    228  =  5760 

1    =      8    =      24  =  480 

1     =        3  =  60 

1  =  20 

AVOIRDUPOIS   WEIGHT. 
Pound.        OmcMr         Drmekmi.  Grmim* 

1     =     16    =    256    =    7000 
1    —      16    =      437-5 

1     =        27-975- 


•  The  ceaUirugal  force  may  also  contribute  somelhiag  to  this 
effect. 
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The  Pound  is  usually  expressed  by  the  sign-lb.,  and 
its  subdivisions  by  the  following  symbols,  viz. 

The  annexed  figure  represents  an 
ounce ;  by  omitting  the  upper  part  and 
commencing  at  A,  a  drachm ;  and  the 
lower  portion  B.  C.  a  scruple.  A  grain 
is  expressed  by  the  simple  contraction 

The  use  of  these  symbols  in  medical 
prescriptions  has  been  frequently  con« 
^  demned  as  being  liable  to  occasion 
error ;  it  is  said  that  the  characters  for 
ounce  and  drachm  are  so  similar  that  they  may  be 
easily  written  for  each  other ;  ^^  a  stroke  of  the  pen  too 
much  may  kill  the  patient,  and  a  stroke  too  little  may 
produce  a  medicine  of  no  efficacy."  To  obviate  this 
objection,  it  has  been  recommended  to  employ  the 
contracted  words  Unc.y  dr,^  scr, :  but  let  me  ask  whe* 
ther  such  contractions  are  not  equally  liable  to  per- 
version in  the  hands  of  the  careless  prescriber?  In 
support  of  this  belief  it  is  only  necessary  to  state,  that 
in  the  very  work  in  which  this  fastidious  objection  is 
urged,  drs*  are  more  than  once  printed  by  mistake 
instead  of  gru. 

41.  In  Chemical  experiments,  it  will  be  found  very 
convenient  to  admit  no*  more  than  one  description  of 
weight.  The  grain  is  of  such  magnitude  as  to  deserve 
the  preference.  It  has  been  a  mathematical  problem 
to  ascertain  the  least  number  of  such  weights  which 
may  be  necessary  for  chemical  purposes ;  but  Dr.  Ure 
very  justly  observes  that  the  operator  ought  rather  to 
seek  the  moet  convenient  number  for  ascertaining  his 
inquiries  with  accuracy  and  expedition.  The  error  of 
adjustment  is  the  least  possible,  when  only  one  weight 
is  in  the  scale;  that  is,  a  single  weight  of  five  grains  is 
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twice  as  likeTy  to  be  true,  as  two  weights,  one  of  three, 
and  the  other  of  two  grains,  put  into  the  dish  to  sup* 
ply  the  place  of  the  single  five ;  because  each  of  these 
last  has  its  own  probability  of  error  in  adjustment. 
The  most  convenient  set  of  weights  for  the  laboratory 
is  one  that  corresponds  with  our  numerical  system, 
thus  1000  grains,  900*  grains,  800  grains,  700  grains, 
&c.  down  to  tV  of  a  grain.  With  these  the  Chemist 
will  always  have  the  same  number  of  weights  in  his 
scales  as  there  are  figures  in  the  number  expressing 
the  weights  in  grains ;  thus  74S-5  grains  will  be  weighed 
by  the  weights  700,  40,  2,  and  S-lOths. 

42.  It  must  appear  evident  that  all  such  standards 
of  weights  are  merely  arbitrary,  and  that  were  they, 
from  any  accident,  to  be  lost,*  it  would  be  impossible 
to  renew  them  ;  for  since  the  foundation  of  the  whole 
series  was  originally  the  weight  of  a  certain  number  of 
grains  of  wheat,  +  it  would  be  impossible  to  recover 
the  initial  quantity  with  such  accuracy  that  the  varia- 
tion, however  small,  should  not  become  fatal  by  re- 
peated muluplication.  In  order  to  form  correct  and 
uniform  standards  of  weight,  it  will  be  readily  per- 

*  To  obviate,  as  far  as  possible,  the  chance  of  such  an  occur- 
r6nce,  an  ordinance  was  made  in  the  reign  of  Henry  VIII,  that  a 
set  of  the  most  esteemed  weights  and  measures  should  be  collecled 
and  lodged  in  the  Exchequer,  as  standards  for  the  whole  country 
to  abide  by,  and  with  which  all  future  weights  and  measures 
should  be  compared  and  examined.  This  regulation  has  been 
preserved  and  attended  to  ever  since,  and  duplicates  of  the  stand- 
ards have  been  very  accurately  formed,  and  are  deposited  at  the 
Tower,  with  the  Royal  Society,  and  in  other  pUces  of  aecnrity. 

t  By  an  act  of  Henry  III.  cap.  £1,  it  is  ordained  that,  in  order 
to  regulate  the  weights  of  the  realm,  that  quantity  of  metal  which 
will  balance  32  grains  of  dry  wheat  picked  from  the  midst  of  the 
ear,  shall  be  called  a  penny-weight,  that  20  such  penny-weights 
shall  make  an  ounce,  and  12  ounces  a  pound. 
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ceiyed  that  we  must  recur  to  measure,  for  it  is  quite 
impossible  to  form  any  body  into  a  weight  without 
reference  to  its  dimensions.    The  terms  Pound  and 
Ounce  carry  with  them  no  specific  ideas  of  their  extent 
of  weight  to  persons  previously  unacquainted  with 
them ;  but,  if  it  is  stated,  that  four  cubic  inches  of 
cast  iron  of  a  particular  density  would  be  equal  in 
weight  to  a  pound,  or  that  a  cubic  foot  of  distilled,  or 
pure  ratn  water,  weighs  1000  ounces,  then  such  weights 
may  be  immediately  formed  by  any  one  in  possession 
of  measures,  and  of  course  a  standsurd  lineal  measure 
becomes  an  object  of  the  greatest  importance.     In  the 
earher  sera  of  England  primitive  measures  were  deter- 
mined either  from  vegetable  productions,  or  from  parts 
or  acUons  of  the  human  body,  *  all  of  which  were 
necessarily  vague  and  inaccurate.     In  order  to  obtain 
an  invariable  and  natural  standard  of  lineal  measure, 
two  proposals  have  been  offered ;  the  one  founded  up- 
on the  mensuration  of  a  degree  of  a  great  circle  of  the 
earth;  the  other,  upon  that  of  the  length  of  the  pen- 
dulum vibrating  seconds.    The  former,  although  at- 
tended with  much  trouble  and  expense,   has  been 
accomplished  and  carried  into  practical  effect  by  the 
French,  and  as  they  have  founded  upon  it  a  scale 
which  is  frequently  referred  to  in  chemical  works,  a 

*  Thus  was  our  inch  derived  from  three  harley  corns  laid  end 
to  end.  The  Saxons  introduced  a  measure  called  the  Gyrd,  i%hich 
corresponds  with  our  yard,  as  a  proper  measure  of  unity,  of 
which,  fathoms,  furlongs,  and  miles  were  made  the  multiples, 
while  the  foot,  the  span,  fhe  palm,  and  Ihe  inch  roiglft  he  con- 
sidered as  Uractumal  parts  of  it.  But  in  all  such  raeasures  no 
ccrtninty  existed,  since  the  yard- was  determined  by  Henry  I.  to 
be  the  length  of  his  own  arnt,  while  the  foot,  the  cubit,  the  ulna, 
or  ell,  the  palm,  the  span,  the  hand,  and  many  others,  are  evi- 
dently derived  from  the  dimensions  of  the  human  body. 
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short  account  of  the  method  will  not  be  unacceptable 
to  the  student.  After  a  series  of  most  laborious  and 
accurate  observations  carried  on  for  many  years  by  the 
first  mathematicians  of  France,  it  was  ascertained,  that 
a  quadrant  of  a  meridian,  extending  from  the  pole  to 
the  equator,  measures  5130740  toises,  the  ten  mil- 
lionth part  of  which  wa£r  aflerwards  definitely  decreed 
by  the  legislative  body  to  be  the  Metre^  or  standard 
of  unity,  upon  which  they  were  to  form  all  their  other 
measures,  whether  greater  or  less ;  this  Metre  accords 
very  nearly  with  the  length  of  a  pendulum  vibrating 
seconds,  as  hereafter  described,  and  may  be  considered 
as  the  present  yard  of  the  French,  and  as  it  ascends 
decimally,  the  next  step,  or  degree,  becomes  the  perch 
or  decametre ;  the  next,  the  mile,  or  kilometre ;  and 
then  the  myriametre  or  league ;  but  the  value  of  these 
several  measures,  as  compared  with  those  used  in  Eng« 
land,  will  be  more  clearly  understood  by  referring  to 
the  Table  inserted  in  the  Appendix,  and  which  was 
originally  *drawn  up  by  Mr.  Millington,  and  will  be 
found  to  contain  particulars  not  generally  met  with  in 
Arithmetical  Tables. 

43.  The  method  of  using  a  Pendulum  to  obtain  a 
standard  of  measurement  is  very  simple;  for  it  has 
been  ascertained,  that  the  stars  perform  an  apparent 
journey  round  the  earth  once  in  23  hours  56  minutes, 
with  the  greatest  regularity.  If  then  a  small  telescope' 
be  firmly  and  immoveably  fixed  against  a  wall  in  such 
a  direction  that  any  bright  star  may  be  seen  through  it, 
that  star  will  pass  the  telescope  once  in  that  period, 
and  if  a  clock  be  placed  near  it,  having  a  pendulum 
beating  seconds,  that  clock  will  indicate  the  above 
portion  of  time  between  every  transit  of  the  star,  pro- 
vided its  pendulum  be  of  the  right  length,  and  if  not, 
it  must  be  lengthened  or  shortened  until  such  an  ad- 
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justineni  is  accomplished,  which,  in  the  same  latitude 
can  only  occur  when  it  is  of  one  particular  length. 
.  Thus  then  we  may  at  once  obtain  a  well  defined  stand- 
ard of  length,  .to  which  we  could  at  any  time  resort, 
and  which  might  be  made  the  Metre^  or  base  upon 
which  other  measures  would  be  constructed ;  and  hav- 
ing obtained  an  accurate  standard  of  lineal  admeasure- 
ment, solid  measures,  or  measures  of  capacity,  as  well 
as  weights,  would  arise  out  of  it ;  and,  as  pure  rain 
water,  under  equal  temperatures,  is  less  liable  to  a 
change  of  density  than  any  other  known  substance,  so 
it  appears  to  be  the  best  calculated  for  obtaining 
standard  weights;  thus,  a  cubic  foot  of  pure  water 
weighs  about  1000  ounces  avoirdupois,  and  either  this 
measure,  or  the  cube  of  the  length  of  the  pendulum,  or 
an  aliquot  part  of  it,  might  be  taken  as  the  standard  or 
base  upon  which  to  form  larger  and  smaller  weights, 
the  same  being  whole,  and  not  fractional  parts  of  the 
first  quantity,  and  taken  at  a  certain  point  of  the  baro- 
meter and  thermometer.  In  this,  or  a  similar  manner, 
might  a  series  of  measures  and  weights  be  established, 
which  would  be  in  the  power  of  any  one  to  adjust  or 
examine  with  an  apparatus  of  small  expense,  and  with- 
out any  serious  loss  of  time,  while  the  weights  and 
measures  we  at  present  possess  and  use,  are  so  very 
uncertain  as  to  afford  no  greater  proof  of  their  accuracy, 
than  the  reliance  which  is  placed  on  the  correctness  of 
their  makers,  unless,  indeed,  they  have  undergone  the 
ordeal'  of  a  comparison  with  the  national  standards, 
which  can  never  be  expected  in  the  great  number  that 
are  made  and  sold. 

44.  The  troy  weight  has  been  also  adopted  by  the 
Edinburgh  College  for  apportioning  liquids,  as  well  as 
solids,  with  a  view  to  obviate  the  errors  arising  from 
the  promiscuous  use  of  weights  and  measures ;  but  the 

c 
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London  and  Dublin  Colleges,  with  a  great  r^ard  to 
practical  convenience,  order  liquids  to  be  measured; 
and  for  this  purpose  the  London  College  employs  mea- 
sures deriyed  from  the  wine  gallon,  which  is  subdivided 
for  medical  purposes,  in  the  manner  exhibited  in  the 
following  Table,  which,  at  the  same  time,  represents 
the  symbols  employed  for  denoting  the  several  mea- 
sures. 


AGtdlon(Congius)cong: 1       fEightPints 

A  Pint  (OcteWia)  O 

A  Fluid-ounce  {Ftua-unciM)  f  J  .... 
A  Fluid-drachm  (Itmd'^achmM)  f  5 
AMinim  (Mimma)V(l 


S     SixteenFluid-ounce» 
i  §*  J  Eight  Fluid-dxachms 
I  I  Sixty  Minims 


Table  of  the  proportions  of  the  Wine  Gallon. 

OfWtier, 

aaaoH.     Pints.      Fbdd-         Flmd-  t "^ --i 

otmcet.       ifiracAfitr>  MMnu.  ChttbUm"^ 

1  =  8  =  128  =  1024  =  61440  =  68016 
1  =    16  =     128  =    7680  =    7272 
1  =        8  =      480  =    454-5 
1  =        60  =      56-8 

The  London  College  have  introduced  the  Minim 
measure  as  a  substitute  for  the  drop,  the  inaccuracy  of 
which  had  been  long  experienced,  and  will  be  hereafter 
adverted  to. 

45.  For  measuring  fluids,  the  graduated  glass  mea- 
sures should  be  always  preferred :  they  should  be  of 
difierent  sizes,  according  to  the  quantities  they  are 
intended  to  measure.  For  chemical  purpo9es  fluids 
are  measured  either  by  cubic  inches,  or  by  ounce  mea* 
sures  equal  to  the  bulk  of  an  ounce  of  water.  The 
cubic  inch  is  found  to  weigh  252*72  grains  of  water 
at  62^ 


+  According  to  Lane's  Measures,  sold  at  Apothecaries'  Hall. 
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46.  Although  the  method  of  ascertaining  quantities 
of  matter  by  the  balance  was  known,  and  practised  in 
the  very  earliest  periods  of  the  world,  still  such  an  in- 
strument was  for  many  ages  merely  employed  as  the 
measure  of  gross  weight,  without  any  reference  to  the 
density  of  the  bodies  so  examined ;  and  yet  it  is  diffi« 
cult  to  conceive  that  the  obvious  fact  could  have  long 
escaped  observation,  that  equal  bulks  of  different  sub- 
stances, such,  for  instance,  as  wood  and  stone,  differed 
essentially  from  each  other  m  weight.*  No  applica- 
tion, however,  was  made  of  it,  towards  elucidating  the 
properties  of  bodies,  nor  were  any  means  devised'  to 
estimate  or  express  such  cfifferences,  until  a  compara- 
tively late  period. 

*  It  may  be  here  repeated,  that  it  is  not  meant  that  the  elemen' 
Sary  partideB  of  these  bodies  differ  in  weight. 


<:« 
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47.  The  comparative  weight  of  a  body  has  been 
termed  its  specific  gravity ;  and,  since  the  density  of  a 
body  is  as  the  quantity  of  matter  contained  in  a  given 
space,  its  specific  gravity  may  be  regarded  as  only 
another  term  for  its  density. 

48.  By  this  term,  therefore,  is  meant  the  weight  of 
a  body  compared  with  that  of  another  whose  magni- 
tude is  the  same ;  and,  for  the  accurate  expression  of 
such  a  relative  quantity  it  became  necessary  to  fix  upon 
some  substance  as  a  standard.  The  philosophers  of 
difierent  nations  have  accordingly  agreed  to  consider 
Distilled  Water,  at  the  temperature  of  60*  of  Fahren- 
heit's thermometer,  as  the  unit  of  comparison,  or  the 
datum  firom  which  all  calculations  of  specific  gravity 
should  proceed,  and  is  always  called  1-000;  thus,  if 
a  cubic  inch  of  any  solid  body  were  found  to  be 
double  the  weight  of  a  cubic  inch  of  water,  such  a 
body  would  be  specifically  heavier  than  water,  in  the 
proportion  of  two  to  one,  and  its  specific  gravity  would 
accordingly  be  set  down  thus,  S.  If,  again,  its  weight 
were  eqtial  to  that  of  two  and  a  half  cubic  inches  of 
water,  it  would  be  specifically  heavier  than  water  in 
the  proportion  of  two  and  a  half,  to  one ;  and  its  spe- 
cific gravity  would  in  that  case  be  set  dovm  as  S'5 ; 


I 
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the  fractional  parts  being  always  expressed  by  deci- 
mals.  The  strongest  Sulphuric  acid  of  commeree  is 
Teiy  nearly  nine-tenths  specifically  heavier  than  water, 
and  is  stated  to  be  1*85. 

49.  Independent  of  the  general  advantages  which 
attend  the  adoption  of  water  as  the  unit  of  comparison 
upon  these  occasions,  it  fortunately  happens  that  a 
cubic  foot  of  this  fluid  weighs  exactly  1000  ounces, 
avoirdupois,  so  that  the  weight  of  any  given  bulk  of 
material,  of  which  the  specific  gravity  is  known,  may 
be  iipadily  computed,  for  the  same  figures  that  denote 
the  specific  gravity  must  also  express  the  number  of 
ounces  in  a  cubic  foot  of  the  same  substance;  thus 
will  that  measure  of  Sulphuric  acid  be  found  to  weigh 
1650  ounces. 

50.  Since  it  appears  then,  that  specific  gravity  iB 
but  another  term  to  express  the  comparative  density  of 
bodies;  and,  as  the  nature  and  properties  of  a  great 
variety  of  solids,  as  well  as  fluids,  have  an  intimate 
relation  with  that  condition  of  matter,  it  is  evident 
chat,  in  the  examination  of  natural  and  artificial  sub- 
stances, a  knowledge  of  their  specific  gravities  is  of 
very  considerable  importance.  Suppose  the  medical 
practitioner  to  have  received  a  parcel  of  Glass  ofAnti" 
many  J  and  that  from  the  clumsy  appearance  of  some 
of  the  pieces,  he  suspects  it  to  have  been  mixed  with 
Glass  ofLead^  he  has  only  to  ascertain  their  specific 
gravities  in  order  to  confirm  or  falsify  his  conjecture, 
for  that  of  the  Antimonial  oxide  never  exceeds  4*95, 
whereas  that  of  the  Lead  is  6*95,  or  in  round  numbers 
their  comparative  gravities  are  as  5  to  7.  Thus  again, 
the  officinal  Solution  of  Potass  (lAquor  Potasses)^ 
may  be  obtained  in  too  dilute  a  state,  a  fraud  which 
may  be  at  once  discovered  by  its  specific  gravity  being 
Jess  than  1'056.    On  some  occasions  we  may  thus 
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arrive  at  a  conclusion  which  might  otherwise  requiifo 
an  elaborate  chemical  inquiry;  thus  we  may  fairly 
infer  that  the  Tinctura  Ferri  Mmriaiis  contains  its 
proper  proportion  of  Peroxide  of  Iron,  by  ascertaining 
its  specific  gravity  to  be  about  *994.  In  estimating  the 
strength  of  our  spirituous  prqmrations,  the  purity  of 
ammonia,  and  the  concentration  of  the  mineral  acids, 
the  chemist  must  rely  upon  the  respective  indications 
which  are  afforded  by  this  mode  of  investigation.  The 
manufacturers  of  Epsom,  Rochelle,  Glauber,  and  other 
salts,  have  no  proper  criterion  for  ascertaining  the 
strength  of  the  several  liquors  which  they  have  pre« 
pared  for  crystallization,  but  that  of  their  specific 
gravities. 

51.  Nor  is  this  subject  of  less  importance  to  the 
physician  than  to  the  manufitcturer,  for  in  prescribing 
various  forms  of  medicine,  an  attention  to  the  specific 
gravities  of  the  ingredients  \8  necessary  to  direct  him ; 
thus,  for  instance,  in^  regulating  the  size  of  pills,  unless 
he  takes  this  circumstance  into  consideration,  he  ¥riU 
be  unable  to  adjust  their  magnitude ;  for  although  he 
may  conveniently  direct  six  or  eight  grains  of  mercury 
in  a  single  pill,  the  same  weight  of  soap  would  exceed 
the  standard  dimension.  In  like  manner,  when  pow* 
ders  are  added  to  liquid  vehicles,  their  specific  gravities 
must  be  duly  attended  to,  as  I  have  alreiuiy  explained 
in  my  Pharmaoologia. 

5S.  During  the  various  changes  which  bodies  un« 
dergo  by  combination  with  each  other,  a  diminuticm 
or  increase  in  their  specific  gravities  is  not  the  least 
remarkable  or  important;  in  some  cases  they  ai«  di«r 
minisbed,  and  in  others  increased,  under  such  circunu* 
stances;  it  has,  for  instance,  been  already  istated  (31) 
that  alcohol  and  water,  on  admixture,  will  have  a 
volume  less  than  the  sum  of  their  respective  volumes ; 
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and  it  will  hereafter  appear  that  the  extent  to  which 
these  changes  take  place  through  the  agency  of  heat, 
€X>iistitute9  a  very  important  branch  of  inquiry, 

53.  Various  organs  of  the  human  body  also  undergo 
alt^fations  in  structure,  either  by  disease,  or  natural 
developement,  by  which  their  absolute  weight  is  in- 
creased^ at  the  same  time  that  their  specific  gravities 
are  diminished ;  and  vice  versa.  To  the  Physiologist 
fl«ch  changes  are  fraught  with  interest;  thus,  the  pul- 
monary (NTgans  before  birth  are  of  such  density  as  to 
sink  in  water,  but  no  sooner  has  the  function  of  respi- 
ration been  established,  than  the  lungs  become  so 
inflated  that  they  are  enabled  to  float  in  that  medium, 
while  their  absolute  weight,  so  far  from  sufi*ering  a 
eorresponding  diminution,  is  nearly  doubled  by  the 
influx  of  new  blood  into  their  numerous  vessels.  *  In 
certain  diseases,  on  the  contrary,  the  same  organs  lose 
a  considerable  portion  of  their  weight,  while  they 
acquire  an  increase  in  density.  It  seems  probable, 
also^  that  certain  part»  of  the  body  increase  in  density, 
in  proportion  to  the  age  of  the  subject,  and  were  accu- 
nte  tables  formed  so  as  to  express  such  increments, 
eome  results  of  great  physiological  interest  might  pos- 
sibly be  elicited.  The  knowledge  of  the  specific  gravi- 
ties of  our  fluids,  under  different  circumstances  of 
health  and  disease,  would  likewise  be  a  desideratum 
in  this  branch  of  science. 

54.  In  order  to  ascertain  the  specific  gravity  of  any 
substance,  it  is  evident  firom  the  definition  (48)  that  we 
have  only  to  estimate  the  gross  weight  of  a  given  bulk, 
and  to  compare  it  with  that  of  a  similar  bulk  of  any 
body  which  we  may  adopt  as  the  unit  of  comparison ; 

*  See  our  work  on  Mbdicai*  Jvaispbuobmcs,  Vol.  iii.  p.  109. 
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thus,  if  a  cube  of  water  weighs  an  ounce^  and  a  similar 
cube  of  sulphur  is  found  to  weigh  two  ounces,  the 
specific  gravity  of  the  latter,  when  compared  with  that 
of  the  former,  is  as  S  to  1.  This  was  the  method  ac- 
tually pursued  by  Lord  Bacon,  in  the  construction  of 
his  Table.*  Having  first  formed  a  perfect  cube  of 
pure  gold  of  an  ounce  weight,  he  caused  cubes,  of  the 
same  size,  to  be  made  of  various  other  materials,  when, 
by  weighing  these  against  each  other,  he  at  once  ascer- 
tained their  specific  gravities.  It  is  sufiiciently  evident, 
however,  that  this  method,  although  perfectly  correct 
in  theory,  must  be  attended  with  such  inconvenience 
and  difficulty  as  to  be  aknost  impracticable,  owing  to 
the  trouble  of  forming  solids  of  the  same  exact  dimen- 
sions; while,  in  order  to  obtain  the  comparative  weight 
of  an  irregular  piece  of  metal  and  its  equal  bulk  of 
water,  it  would  be  necessary  to  have  an  exact  measure 
of  its  capacity  to  be  filled  a  certain  number  of  times, 
which  would  be  difficult,  or  even  impossible  to  effect 
with  precision  and  certainty.  The  same  difficulty  will 
not  oppose  itself  in  the  examination  of  liquids  and 
certain  powders,  and  it  will  accordingly  appear  here- 
after that  a  method,  founded  upon  this  principle,  is 
the  one  more  generally  adopted  on  such  occasions. 

1.  Methods  of  Ascertaining  the  Specific 
Gravities  of  Solid  Bobies. 

L    The  Sp.  Grav.  of  the  body  being 
greater  than  that  of  water. 

55.  It  is  a  proposition  in  Hydrostatics  that  the  weight 
which  a  body  loses  when  wholly  immersed  in  a  fluidy 

*  The  oldest  Table  of  Specific  Gravities  now  extaol,  and 
which  may  be  seen  in  his  Tract  entitled  ^'  Historia  Densi  et 
Rari,"  printed  in  the  second  volume  of  his  works.  Folio,  1741. 
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is  equal  to  the  Toeight  of  an  equal  bulk  of  that  fluid. 
This  at  once  afibrds  a  simple  and  easy  method  of  taking 
the  specific  gravity  of  any  solid  body,  by  weighing  it, 
as  it  is  termed,  ffydrostatically^  that  is,  by  comparing 
the  difference  which  there  is  in  its  weight  when  in  air 
and  in  water,  and  dividing  the  absolute  weight  by  the 
loss,  when  the  quotient  will  be  the  specific  gravity. 

56.  When  we  say  that  a  body  loses  pert  of  its 
weight  in  a  fluid,  we  do  not  mean  that  its  absolute 
weight  is  less  than  it  was  before,  but  that  it  is  partly 
sustained  by  the  reaction  of  the  fluid  under  it,  so  that 
it  requires  a  less  power  to  support  it. 

67.  The  instrument  by  which  the  operation  may  be 
most  conveniently  performed  is  termed  the  Htdro- 

S'TATIC  BALANCE. 


B,  C,  D,  is  a 

balance; — E,  a 
glass  jar  about 
six  inches  in 
height,  which 
contains  distilled 
or  rain  water. 
The  mode  of 
using  this  instru- 
ment is  as  fol* 
lows, — ^Let  the 
solid,  say  for  ex- 
ample a  piece  of 
common  brim* 
stone,  whose  spe* 
cific  gravity  is  to 
be     ascertained^ 
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be  suspended  by  a  fine  hair^*  silk^  or  tbread^  firom  the 
seale  C,  and  weighed  in  air ;  suppose  it  to  weigh  IS 
grains  $  let  it  next,  still  suspended  to  the  balance^  be 
immersed  in  the  distilled  water  of  the  temperature  of 
60^  Fah.  as  represented  in  the  annexed  figure ;  the 
scide  containing  the  weight  will  now  preponderate; 
add  therefore  to  the  scale  C,  as  many  grain  weights  as 
may  be  necessary  to  restore  the  equilibrium ;  suppose 
that  six  grains  are  necessary  for  this  purpose,  then  this 
will  indicate  the  amount  of  the  weight  lost  in  the 
water.  We  must  now  divide  the  real  weight  of  the 
body  in  air,  viz.  IS  grains,  by  this  loss,  6  grains,  which 
gives  us  8  as  the  specific  gravity  of  the  body  under 
exaauuation* 

58.  In  conducting  an  experiment  of  this  kind,  it 
is  desirable  to  obviate  every  chance  of  confiision,  I  am 
therefore  induced  to  reconunend  to  the  student  a  me- 
thod which  I  have  usually  adopted  in  r^stering  the 
difierent  steps  of  the  process.  It  consists  in  drawing 
a  cross,  and  putting  down  the  results  at  the  alternate 
angles,  as  represented  in  the  annexed  diagram;  in 
which  it  will  be  seen  that  the  figures  are  thus  at  once 
placed  in  the  most  convenient  position  for  the  necessary 
operations  of  subtraction  and  division. 


*  Hair  is  recomnkended  as  affording  the  most  convenient  mode 
of  suspension,  because  it  possesses  the  greatest  strengUi,  with  the 
least  bulk  to  affect  the  accuracy  of  Uie  experiment ;  and  it,  more- 
over, is  not  liable  to  absorb  any  sensible  quantity  of  water. 
Where  greater  strengtli  is  required,  a  single  or  double  horse  hair 
may  be  employed. 


the  Spee^  Or09tijf  of  Solids.  4S 

ii^eighi  in  Jit 
13 


Difference 

6  /\  2.  %c|/fc6?ra%.Q.E.D. 


IVeighi  in  Water. 


59.  The  rationale  of  this  process  will  be  easily  un* 
derstood  by  referring  to  the  Hydrostatical  proposition 
announced  at  the  head  of  the  present  section^  (55)^ 
In  the  first  place,  we  ascertain  the  absolute  weight  of 
the  body  under  examination;  we  next  find  the  weight 
of  a  portion  of  distilled  water  equal  in  bulk  to  that  of 
the  body  so  weighed;  and,  lastly,  by  the  operation  of 
«livision,  we  compare  the  fi)rmer  ydth  the  latter,  and 
thus  obtain  the  comperatiTe  or  specific  grayity. 

60.  In  conducting  the  above  process  there  are  se^^ 
vend  sources  of  error,  against  which  it  is  necessary  to 
guard  the  inexperienced  operator ;  and  there  are,  also, 
some  circumstances,  which,  unless  they  be  appreciated, 
and  provided  for,  must  render  the  experiment  incon- 
clusive, or  altogether  impracticable.  These  difficulties 
will  be  now  considered  in  succession. 


A.  The  Temperature  and  Purity  of  the  Water 
employed. 

61.     Unless  we  use  water  at  the  standard  tempera- 
ture of  60*,  we  cannot  expect  to  obtain  a  just  result. 
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for  it  is  stated  by  Mr.  Nicholson  that  he  has  found,  by 
experiment,  the  fifth  decimal  figure  to  change  in  water 
at  every  three  degrees  of  Fahrenheit's  thermometer.  In 
like  manner  the  presence  of  saline  impurities  will,  by 
altering  its  specific  gravity,  necessarily  a£kct  the  accu- 
racy of  every  experiment  coimected  vnth  it. 


B.  The  occurrence  of  accidental  vacuities^  or 
fssuresy  in  the  substance  submitted  to 
examination. 

6S.  This  circumstimce  occurs  more  frequently  than 
is  generally  suspected,  and  will  go  far  to  explain  the 
discrepancy  which  exista  in  different  works  with  regard 
to  the  specific  gravities  of  numerous  bodies;  thus  will 
the  occurrence  of  pores  render  substances  apparently 
lighter.  It  will,  for  the  same  reason,  be  necessary  for 
the  operator  to  take  care  that  no  air  bubbles^are  at- 
tached to  the  substance,  for  they  would  have  a  tendency 
to  buoy  it  up;  should  they  occur  they  may  be  easily 
detached  by  means  of  a  feather. 


C.  The  Solid  is  too  small  to  admit  of  sus" 
pension. 

63.    In  this  case  the  operation  must  be  performed 
through  the  intervention  of  the  glass  bucket^  thus. 
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Suspend  the  glass .  bucket 
by  a  thread  to  the  hook  of 
the  scale  D,  and  find  its  weight 
in  air,  then  place  the  sub- 
stance which  is  to  be  tried  in 
it,  and  weigh  it  again;  the 
former  weight  subtracted  from 
the  latter  leaves  the  weight  of 
the  substance  in  air ;  this  be- 
ing done,  the  same  operation 
must  be  repeated  in  water; 
for  which  purpose,  let  the 
loaded  bucket  be  weighed  in 
water,  then  remoye  its  contents 
and  weigh  the  bucket  alone  in  water;*  subtract  the 
latter  weight  from  the  former,  and  the  remainder  is  the 
weight  of  the  substance  under  examination  in  water ; 
having  thus  obtained  the  weight  of  the  body  in  air  and 
in  water,  the  operator  will  proceed  in  the  solution  of 
the  problem  as  already  directed  (58). 


D.  The  Substance  to  be  examined  is  soluble  in- 
water. 


64*  Bodies  of  this  description  may  be  gently  heated 
and  covered  with  a  thin  coat  of  melted  bees  wax ; 
thus  defended,  they  may  be  plunged  without  any  risk 
in  distilled  water.  A  slight  allowance  should  be  made 
for  the  buoyant  influence  of  the  coat  of  wax,  which, 
however,  muatbe  very  trifling,  since  this  plastic  matter 

*  The  trouble  of  this  part  of  the  experiment  is  much  mbridged 
by  having  two  weights,  the  oike  of  which  shall  counterpoise  the 
weight  of  the  bucket  in  tdr^  the  other  that  of  the  bucket  in 
wmter. 
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has  yery  nearly  the  density  of  water  itself.  In  some 
cases  the  substance  may  be  weighed  in  a  fluid  of  known 
specific  gravity,  in  which  it  is  not  soluble,  as  in  Spirit 
of  Turpentine  J  Alcohol^  Naptha,  &c. ;  or^  if  it  be  a 
salt,  in  a  saturated  solution  of  the  same ;  the  specific 
gravity  of  which  media  may  be  afterwards  easily  re- 
ferred to  that  of  distilled  water,  by  the  common  rule  of 
proportion ;  thus  say 

As  the  Specific  Cfraoity  of  Water 
Is  to  that  of  the  Solution  employed 
So  is  the  Specific  Gravity  found 
To  the  true  Specific  Gravity. 

And,  since  the  specific  gravity  of  water  is  unity,  it  is 
evident  that  we  have  only  to  multiply  the  sp.  gr.  of  the 
solution  by  that  found,  in  order  to  arrive  at  the  con- 
clusion. 

65.  In  like  manner,  we  may  easily  find  the  specific 
gravity  which  a  body  will  assume  when  weighed  in  any 
other  medium  than  that  of  water,  viz.  by  dividing  its 
true  specific  gravity  by  that  of  such  a  medium ;  thus, 
ft  body  whose  specific  gravity  is  S*5  if  weighed  in 
Sulphuric  acid  would  give  an  apparent  one  of  1*333, 

thus  ?'^^  =  1-333.    If  in  the  sea  water  (1-026) 
1-876 

that  of  S-4S6.  The  knowledge  of  this  simple  fact  is 
of  great  practical  importance,  as  it  will  at  once  enable 
the  chemist,  at  sea,  to  use  the  water  of  the  ocean,  in 
his  experiments,  with  as  much  facility  and  accuracy, 
as  if  he  employed  that  which  had  been  ci^illed. 

66.  This  subject  may  perhi^  receive  a  clearer  ex- 
planation by  the  statement  of  th^  following  problem. 
Suppose  a  piece  of  Opium  weighing  SO  grains,  is  found 
to  weigh  only  9*5  grains,  when  immersed  in  oUve  oil, 
what  is  its  specific  gravity  ? 
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$7.  There  is  still  another  mode  in  which  the  speci- 
fic gravity  of  solid  bodies  may  be  ^timated,  and  which 
is  founded  upon  the  proposition  that  a  body  immersed 
in  a  fiuid  displaces  a  quantitjf  equal  to  its  bulk^  If, 
then,  into  a  bottle  of  water,  the  weight  of  which  is 
accurately  known,  we  carefully  drop  a  hundred  grains 
of  the  substance  to  be  examined,  we  shall  displace  a 
quantity  of  water  equal  in  bulk  to  these  hundred 
grains,  when  by  weighing  the  bottle  we  shall  easily  find, 
by  the  difference  of  weight,  the  specific  gravity  of  the 
matter  under  examination.  Suppose,  for  example,  the 
bottle  is  found  to  weigh  fifty  grains  more  than  it  did 
when  filled  with  water  only,  we  may,  in  that  case,  infer 
that  a  hundred  grains  of  the  substance  displaced  only 
fifly  grains  of  water,  and  that  consequently  its  specific 
gravity  is  2. 

68.  It  was  by  some  such  method  that  Archimedes 
is  said  to  have  discovered  the  deceit  which  had  been 
practised  upon  his  relative  Hiero  the  Second,  king  of 
Syracuse,  by  an  unprincipled  goldsmith,  who  having 
received  a  quantity  of  pure  gold  to  fitbricate  a  crovm, 
as  an  offering  to  the  gods,  secreted  a  part  of  it,  and  sub- 
stituted the  same  weight  of  silver.* 

*  Vitruvia9.  Lib.  iz.  c.  3. 
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8.  The  Specific  Gravitjf  of  the  body  is  less  than 
that  of  Water. 

69.  It  is  obvious  that^  unless  a  substance  will  sink 
in  water,  its  specific  gravity  cannot  be  found  by  any 
of  the  methods  above  described.  In  such  a  case  we 
may  suspend  the  substance  in  company  with  some 
heavier  body ;  and,  having  ascertained  the  exact  weight 
of  the  former  in  aity  and  that  of  the  latter  in  water^ 
we  are^  by  means  of  thread  to  fasten  them  together, 
not  so  closely,  however,  as  to  exclude  the  water  from 
their  contiguous  surfaces,  or  to  harbour  bubbles  of  air 
between  them ;  after  this  adjustment,  the  bodies  are  to 
be  weighed  in  water,  when  it  will  be  found  that  their 
weight  will,  together,  be  less  than  that  of  the  heavier 
body  alone,  in  consequence  of  the  latter  being  partly 
buoyed  up  by  the  lighter  substance  to  which  it  is 
attached.  If  we  subtract  the  weight  of  the  lighter 
body  from  that  of  the  heavier  body,  and  add  the  re- 
mainder to  that  of  the  former  in  air,  we  shall  obtain 
the  weight  of  a  quantity  of  water  equal  in  bulk  to  the 
lighter  body,  and  we  have  then  only  to  divide  the  weight 
of  the  lighter  body  in  air  by  this  last  mentioned  sum,  in 
order  to  obtain  its  specific  gravity.  This  process  will  be 
rendered  more  intelligible  by  the  following  example. 
A  piece  of  Elm  wood,  having  been  varnished  in  order  to 
prevent  its  absorbing  any  water,  was  found  to  weigh 
920  grains  ih  air.  A  piece  of  Lead,  chosen  as  the 
ballast,  was  ascertained  to  weigh  911 '  7  grains  in  water. 
The  Elm  and  the  Lead  were  then  tied  together,  and, 
being  suspended  from  the  hook  of  the  scale  C  in  the 
usual  manner,  were  found  to  weigh  in  water  only 
331-7  grains,  being  680  grains  less  than  the  weight  of 
the  Lead  alone;    therefore  580  were  added  to  920, 
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ff.  e,  to  the  weight  of  the  elm  in  air,  whioh  made  up 
Uie  sum  of  1500;  lastly,  9S0  were  divided  decimally 
by  1500,  and  the  quotient  -SISS  gave  the  specific 
gravity  required. 

70.  This  problem  may  be  still  more  easily  solved 
by  means  of  a  contrivance  which  has  been  termed  the 
Sinking  Pulley.  A  small  pulley,  moving  with  but 
little  friction,  is  fastened  to  the  bottom  of  the  water 
jar,  or  to  a  weight  sufficiently  heavy  to  preserve  it 
steadily  in  its  position;  and  the  hair  attached  to  the 
substance  must  in  this  case  pass  downwards  under  the 
pulley,  and  rise  again,  so  that  iu  opposite  end  may  be 
fixed  to  the  hook  of  one  of  the  scale  pans,  at  represented 
in  the  annexed  figure. 

A,  is  the  floating  body  to  be 

examined;  B, thejarofwater; 

C,  the  pulley  at  the  bottom  of 

it;  and  D,  the  opposite  end  of 

the  hair  hooked  on  to  one  of 

the  scale  pans  of  the  balance. 

,       The  substance  A  is  first  to 

yn      be  weighed  in  the  ordinary 

manner,  and  afterwards  placed 

in  the  jar  as  here  represented. 

Water  moat  then  he  poured 

-  in,   until    the    substance    by 

floaUng  draws  the  scale  beam 

into   an  horizontal   position; 

efl«r  which  weights  must  be 

placed   in  the  opposite  scale 

nntil  the  substance  is  sunk,  or  drawn  under  the  water. 

Suppose,  for  instance,  the  body  be  a  piece  of  Cork 

weighing  30  grains  in  air,  then  it  will  be  found  that 

about  150  grains  must  be  placed  in  the  opposite  scale 

to  sink  it,  and  this  weight  must  be  added  to  the  on- 
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gaaX  weight  of  90  gradriS)  making  180  grains  for  the 
weight  of  a  bulk  of  water  equal  to  that  of  the  cork. 
The  original  weight  (90  grs.)  must  now  be  diTtded  by 
that  of  the  water,  viz.  180,  which  of  course  can  only 
be  done  fractionally,  the  result  of  which  will  shew  that 
the  specific  gravity  is  negative,  or  less  than  the  stan- 
dard $  it  consequently  cannot  be  expressed  by  an 
Integer,  but  will  come  among  the  fractions,  being 
only  0*24. 

?!•  In  conducting  this  investigation  we  may  con- 
veniently register  the  results  in  the  manner  already 
vecommended  (56)  taking  care  to  add^  instead  of  sub- 
tracting, the  second  charge ;  thus. 


180      ^C        ^'^^  *^P"  ^^* 


72.  The  foHowing  problem  will  afford  a  farther 
illustration  of  this  subject— ^i)f  a  piece  of  Potassiuniy 
weighing  80  grains^  requires  S20  grains  to  draw  it 
under  the  sutface  of  Naphtha^  what  is  its  specific 
gravity  9 

For  the  sohitk)ii  of  this  problem,  we  proceed  as  fol- 
lows: 


-  IS  =  Afpwrmd  Sp*  Qr» 
'706  =  Sg,  Gr,  ofifafWuL. 

96 
840 

8496  =  2Vw«  Sf.  Gr.— Q.E.t>. 
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IL  TfiftMol^lw  «p  AtiOcmTAiif lira  tsbSpbci»ic 

Gbavitt  ojr  Fi40iDg« 

73.  There  aie  teteral  methods  by  which  chit  pro^ 
hlem  m»y  be  solted ;  but  that  which  it  an^0S€iofiiibly 
ihe  mDM  ecMTvenietit,  and,  at  the  Bame  time^  ilie  moe« 
accttmte^  it  perfonned  by  what  is  tenned  a  Grtnity 
Bottle.*  It  is  a  glass  bottle  with  a  slender  neck,  and 
ie  furnished  with  a  ground  conical  stopper,  in  the  side 
of  which  tiiere  is  a  notch,  or  indentation,  by  which  the 
operator  is  enabled  to  put  in  the  stopper  after  the  Tessd 
bee  been  completely  filled,  the  redundant  fluid  escaping 
through  this  grooTe.  Unless  such  a  contriTance  were 
udopted,  it  would  be  difficult  to  fill  a  bottle  with 
Uqutdy  without  inclosing  some  bubbles  of  air. 

The  weight  of  this  bottle,  with  its  stopper, 
St  must  be  carefiiUy  noted  in  grains,  or  a  weight 
may  be  at  once  procured,  thai  shall  always 
serve  as  a  counterpoise^  The  bottle  is  then 
to  be  fiUed  with  distilled  water,  at  60^  Fmlu 
J  \  and  its  weight  in  grains,  carsfuUy  noted^  la 
/  \  taking  the  specific  gravity  otBnj  other  fluid^ 
^we  have  only  to  fill  the  gravity  boule  with  it, 
'and  then  to  aaoertain  the  eatact  weight,  in 
grains^  whidi,  if  it  be  divided  by  the  weight  of  the 
water  ccmtained  in  the  bottle,  will  give  a  quotient 
whiek  will  he  the  specific  gravity  of  the  fluid  in  quea- 
lioiu  Suppose,  fi>r  example)  we  wish  to  find  the  spe- 
cific gragrity  of  aaolution  of  the  Carionate cf  PUMi^ 
and  thai  the  bottle,  in  vduch  the  experiment  ie  to  he 

■   m  I.  »Aii^— .  I     ■— ■^i^-^M^i^wA—^^.^iii— —  »■«■■■■■  »■■■«       ,., 

*  Where  such  an  apparatus  is  not  at  baad*  any  phial  any  be 
solislituleil,  provided  the  orifice  in  the  neck  be  smalU  and  it  be 
ttik  SKertaintid  what  quantity  of  water  It  b  capable  of  coa- 

d2 
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made,  contains  exactly  1750  grains  of  the  solution,  and 
that  the  same  quantity  of  water  weighs  no  more  than 
14S5  grains.     In  this  case,  we  have  only  to  divide  the 
greater  by  the  lesser  sum,  and  the  quotient  1*222  will 
be  the  specific  gravity  required.     For  conducting,  this 
experiment  with  greater  facility^  a  gravity  bottle  is  now 
usually  sold,  under  the  name  of  a.  ^'  Thousand  Chraifi 
bottle"  together   with  a  weight  which  is  an  exact 
counterpoise  for  it  when  filled  with  distilled  water  at  60* 
Fah.    This  instrument  consequently  does  not  require 
the  aid  of  any  computation^  but  is  simply  filled  with 
the  fluid  to  be  examined,  and  placed  in  one  scale  of  the 
balance,  while  its  counterpoise  is  placed  in  the  other. 
If  the  contained  fluid  be  lighter .  than  water,  it  will 
appear  deficient  in  weight,  and  as  many  grains  must  be 
added  to  the  scale  that  contains  it,  as  may  be  sufficient 
to  restore  the  balance.     This  shews,  at  once,  that  the 
specific  gravity  of  the  fluid  in  question  is  negative^  or 
less  than  the  standard,  and,  consequently,  that  it  must 
be  expressed  by  a  fractional  number ;  but,  should  the 
fluid  be  heavier  than  water,  the  bottle  will  pr^pon-* 
derate,  and  weights  imist  be  put  in  the  opposite  scale, 
when  their  amount  being  positive^  must  be  added  to 
that  of  the  standard.     For  example,  ,if  the  bottle  were 
filled  with  Sulphuric  iEkher,  it  would  require  739 
grains  to  be  placed  in  the  same  scale  to  restore  the 
balance,  and,  consequently^  its  specific  gravity  would 
be  exprettsed.  thus  0*  739*    Had  it  been  filled  wi4h  sea 
water,  which  is  rather  more  dense  than  that  which  is 
distilled,  26  hundredths,  or  rather  better  than  a  quarter 
of  a  grain  must  have  beeh  added  in  the  opposite  scale, 
and  which,  as  already  explained,  must  be  added  to  the 
Standard  1 '000  to  express  the  specific  gravity  of  such 
water,  which  would  be  stated  thus,  1*036.     Sulphuric 
acid,  again,  being  still  heavier,  would,  in  like  mannor^ 
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require  875  grains,  and  must  Accordingly  be  expr^sed 
as  1-875. 

74.  By  a  similar  process  we  may  proceed  to  inTestii- 
gate  the  specific  grayities  of  certain  powders,  always^ 
however,  taking  care  to  ram  them  down  so  as  to  leave 
no  interstices  that  might  vitiate  the  accuracy  of  the 
results. 

'  75.  Another  mode  of  estimating  the  specific  gravity 
of  fluids,  is  founded  upon  the^ame  ]proposition  as  that 
to  which  the  Hydrostatical  balance  above  described  (S3) 
owes  its  utility,  viz.  that  a  body,  when  weighed  in  Ofiy 
liquid^  loses  just  so  much  of  its  weight  as  is  equivalent 
to  that  of  the  same  bulk  of  the  liquid.  It  is  clear  there- 
fore, that,  if  we  are  required  to  compare  the  specific 
gravities  of  two  liquids,  we  have  only  to  take,  some 
solid  body  heavier  than  water,  and  to  observe  Jiow 
much  weight  it  loses  in  each,  c^nd  we  shall  thus  acquire 
the  comparative  weight  of  the  same  bulk,  which  is  as 
the  speci^c  gravities  of  the  fluids  respectively ;  but,  as 
the  specific  gravity  of  water  is  not,  in  such  a.  case,  exv 
pressed  by  unity,  we  must  say 

As  the  loss  of  weight  in  water 

Is  to  the  loss  of  weight  in  the  other  Jluidy 

So  is  Unity 

To  a  Fourth  Proportional. 

III  a  word,  divide  the  loss  of  weight  in  the  other 
fluid  by  the  loss  of  weight  in  the  wattM',  aad  the 
quotient  will  express  the  speciiic  gravity  of  the  for- 
Jiier. 
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4.  ball,  or  pear-Bhaped  lump  of  gkBs,  ms« 
pended  by  a  fine  plaUnum  vire,  aa  rqpt^t^oAed 
in  the  annexed  figure,  U  usually  9old  for  the 
purpose  of  the  above  experunent;  and,  wore 
it  ground  to  such  a  size  as  to  lose  exactly  a 
thousand,  or  ten  thousand  grains  in  distiUed 
water,  no  computation  vrould  be  requirodi 
its  loss  of  vr^ht  fay  immersioq,  indicating  at 
once  the  specific  gravity  of  the  fluid* 


76.  Although  the  processes  above  described  are 
capable  of  ascertaining  the  specific  gravity  of  any  liquid 
v^ith  the  utmost  nicety,  and  are  those  employed  in 
every  philosophical  investigation,  yet,  for  the  puiposes 
of  trade  and  commerce,  some  more  expeditious  and  less 
operose  method  is  desirable;  to  answer  this  object, 
instruments  termed  Areometers*  and  Hydromcteru 
have  been  invented* 

77,  The  Areometer y  or  Water^poiscy  is  an  instni^ 
ment  of  considerable  antiquity.  It  was  long  supposed 
to  have  been  invented,  at  the  close  of  the  fourth 
loentury,  by  Hypacia,  the  celebrated  mathematician  of 
Alexandria ;  but  Usebe  Salverti,  in  a  memoir  on  this 
subject  in  the  SSnd  volume  of  the  Annak$  de  Chimie^ 
has  proved  that  it  was  invented  by  Archimedes.  It 
consists  of  a  graduated  tube,  with  a  bulb  at  one  end, 
and  so  contrived  by  being  balanced  with  Mercury,  or 
Liead,  that  it  may  swim  in  the  fluid  in  a  perpendicular 
position*  The  specific  gravity  is  indicated  by  the 
degree  marked  on  the  stem  of  the  instrument,  to 
which  it  sinks  in  the  fluid  to  be  examined,  and  this 


«  Ureomeiery  from  ttfsuos  thinf  and  (dJifot  memture. 
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wiU  coiisequailly  always  be  lower,  ia  pioportion  bb  tlie 
liquid  is  lighter.* 

7&  The  Areomeler  of  Bauaiay  which  has  been  long 
in  common  use  in  France^  ia  of  this  conatruction,  and 
4he  acudent  will  find  a  uacf  ul  table  in  the  Appendix, 
for  reducing  ijbe  d^pe^  of  this  instrument  to  the  com- 
mon standard  of  specific  gravity. 

79.  We  have  hitherto  considered  the  numbers  em- 
ployed to  denote  the  specific  gravity  of  any  body,  as 
having  a  direct  reference  to  distilled  water  as  unity. 
To  this  rule,  however,  there  are  some  important  ex- 
ceptions. In  Great  Britain  and  Ireland,  the  specific 
gmvi^  of  ardent  spirits  is  expressed  by  other  terms, 
and  various  instruments,  called  Hydrometers^  have 
been  used  for  this  purpose ;  the  degrees  of  which  are 
calcnlalpd  firom  the  strength  of  an  arbitrary  spirit, 
which  is  termed  by  the  Excise  board  Proo^Spirit ;  its 
specific  gravis  being  about  0*93S.  The  relation  which 
all  other  spirituous  liquors  have  to  this  standard  is 
expressed  by  saying  that  they,  are  so  much  abovcy  o^ 
under^  Hydrometer  proof;  thus,  when  it  is  stated 
that  a  q^ritis  90  above  proof,  it  means  that  its  strength 
IS  sttchy  that  one  hundred  gaUpns  of  it  will  admit  an 
addition  of  twenty  gallons,  of  water,  to  reduce  it  to  the 
atiength  of  proof  \  and  it  ia  ooneidered  to  be  20  par 
cent,  under  proof  when  the  same  quantity  contains 
SO  gallons  of  water  more  than  is  contained  in  Proof 
^irit« 

*  Tkeimmenedp0rtion0/ajloaiing  ko43f 

1$  is  Ae  wkoU  hoi^^ 

An  ike  %fwife  Grawiji  «f  i\e  Boig 

Is  to  the  Speeijtc  Gravity  of  the  Fluid. 
Hence  It  follows,  as  a  corollary,  that,  if  the  wine  body  float 
upon  two  difierant  fluids,  the  parts  immersed  will  be  iaveisaly  as 
Ihe  specific  (favitits  of  such  fluids. 
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80,  The  .ordinary  form  of  the  Hydrometer  is  shewn 
in  the  annexed  figure.  .    . 

/>  is  a  hoUo  w  ball  of  copper,  of  the  shape 
^nd  about  the  sisse  of  a  hen's  egg ;  j  is  a 
graduated  scale  of  thin  brass  placed  upon 
the  t<^of  the  ball,  and  k  a  brass  weight 
attached  by  a  wire  to  the  lower  side  of  the 
Indl^  for  the  purpose  of  keeping  the  instru- 
ment in  an  upright  position,  while  it  is 
floating,  and  is  so  adjusted  as  to  cause  the 
top  of  the  ball  to  stand  but  a  very  little 
.distance  aboTe  the  surface  ofdistiUed 
water,  when  placed  in  the  same;  m  is  a 
weight,  (of  which  there  are  several  distin-? 
guished  by  diflbrent  numbers)  fhat  drops 
on  to  a  pin  projecting  above  the  top  of  the  scale  to 
^complete  the  adjustment  of  the  instrument;  by  which 
it  is  so  much  furtherdepressed  that  the  Zero  point,  or 
bottom  of  the  scale,  just  coincides  with  the  surface  of 
the  water;  thus  adjusted,  if  it  be  floated  in  a  vessel 
containing  spirit^  or  any  other,  fluid  of  less  qiecifie 
gravity,  and  consequently  of  less  buoyancy  than  water, 
it  will  sink  in  it  to  a  certain  extent,  and  indicate  the 
difference  by  the  surface  of  the  fluid  intersecting  a 
higher  point  upon  the  graduated  scale.  Should  the 
instrument  be  placed  in  a  fluid  of  greater  specific  gra? 
vity,  and  buoyancy  than  water,  so  that  the  weight  m 
will  not  be  sufficient  to  depress  the  scale  down  to  the 
surface,  then  that  weight  must  be  changed  for  one  of 
higher  power. 

81.  The  principal  source  of  fallacy,  in  the  use  of 

this  instrument,  arises  from  the  susceptibility  of  Spirit 

for  the  examination  of  which  the  Hydrometer  is  chiefly 

,ysed,  to  expand  and  contract  wiih  slight  change  of 

temperature,  by  which  its  density  is  subject  to  constant 
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variation.*  It  is  evident  that  such  an  inconvenience 
can  be  alone  remedied  by  the  constant  use  of  the  ther<» 
mometer  with  the  instrument,  and  as  the  divisions  are 
made  to  correspond  with  the  density  of  fluids  at  a  tem* 
peratitre  of  GO*  Fahr.  so  at  this  point  the  result,  as 
indicated  by  the  instrument,  virill  not  require  correction. 
But,  since  the  hydrometer  is  to  be  used  in  all  seasons, 
and  it  would  be  impossible  in  the  extensive  concerns 
of  commerce,  to  vary  the  temperature  of  the  fluid  under 
examination  to  some  common  standard,  so  corrections 
must  be  made  either  by  tables,  calculations,  or  change 
of  weights,  to  suit  the  particular  exigency  of  the  case, 
and  several  modifications  of  the  instrument  have,  ac- 
cordingly, been  contrived  to  fiicilitate  the  process. 

88.  Clark's  Hydrometer,  which  varied  very 
little  from  the  one  already  described,  (80)  except  that 
ihe  shifting  weights  were  very  numerous,  and  were 
applied  at  the  situation  Ar,  within  the  fluid,  instead  of 
being  placed  upon  the  top  of  the  scale,  as  at  m,  was 
adopted  and  used  during  a  long  period  in  the  Customs, 
under  the  directions  of  an  Act  of  the  liegislature ;  but, 
having  been  found  intricate  and  troublesome,  it  was 
superseded  in  the  year  1816,by  Sikeb's  Hydrometer, 
which  is  the  one  now  generally  used  in  England,  as 
ordered  by  an  Act  of  Parliament  (56th  Geo.  HI.  c.  140.) 
This  instrument  has  but  nine  shifting  weights,  appli-> 
cable  upon  the  upper  part  of  the  stem,  as  in  the  figure 
above  represented  (80),  and  is  used  with  a  set  of  tables, 
or  a  sliding  rule  which  is  sold  with  it,  for  computing 
compensation  for  different  temperatures.     The  scale  is 

*  It  has  been  found  that  a  cubic  inch  of  good  Brandy  is  ten 
grains  heavier  in  winter  than  in  suniiiicr,  or  that  32  gallons  of 
4>pirit,  in  the  former  season,  will  measure  38  in  the  latter ;  so  that 
it  is  most  profitable  to  buy  such  articles  in  the  winter,  and  to  scl( 
thcin  in  the  summer. 
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durided  into  ten  principal  diriiions^  each  of  whidi  is 
subdivided  into  five  parts^  and,  by  the  sqiarate  appli- 
cation of  the  weignts  in  succession^  completes  the 
range  of  strengths  from  pure  alcohol  to  water ;  each 
weight  being  equivalent  to  ten  principal  divisiona. 
This  Hydrometer,  with  the  weight  marked  60  screwed^ 
as  at  ky  on  to  the  lower  stem^  is  so  adjusted  as  to  sink 
to  the  line  mark  p  on  the  scale  of  the  instrument,  when 
placed  in  j^roo^  spirit,  of  the  temperature  of  5P  Fabr.i 
and  by  the  addition  of  the  square  weight  on  the  top, 
it  sinks  to  the  same  point  in  distilled  water  of  the  same 
temperature*  This  weight  being  just  pne-twelfUi  part 
of  the  entire  weight  of  the  whole  hydrometer,  together 
with  its  bottom  weight.  No.  60,  causes  the  scale  to 
shew  the  difference  between  water  and  proof  spirit, 
which  the  Act,  above  referred  to,  states  shall  weigh 
exactly  twelve-thirteenths  of  an  equal  bulk  of  distilled 
water. 

83.  There  is  another  practical  difficulty  opposed  to 
our  obtaining  correct  results  from  the  Hydrometer, 
depending  upon  the  fact,  that  the  specific  gravity  of 
mixtures  is,  in  very  few  instances,  the  mean  of  the 
separate  specific  gravities  of  their  ingredients,  as  al- 
ready explained  (31) ;  thus,  if  to  100  gallons  of  spirit 
of  wine  found  to  be  66  above  proof,  we  add  66  gallons 
of  water  to  reduce  it  to  the  proof  state,  the  mixture 
instead  of  producing  166,  will  only  measure  162  gal- 
lons. 

84.  The  Hydrometer  of  Jones  is  still  more  simple 
than  those  already  described|  having  but  three  shifting 
weights,  and  the  thermometer  being  attached  to  the 
instrument  with  such  a  scale  that  the  compensation  for 
temperature,  and  the  allowance  for  the  mutual  pene^ 
iratioriy  or  incorporation  of  the  fluids,  are  given  at 
^ight,  without  any  tables,  or  requisite  calculation. 
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8Bs    The  TJmnopn^tuMBMken  of  Landim  prepam 

■mil  g]am  bubblca,  like  beada,  but  bermetically  sealed^ 

and  farmed  of  different  weights,  so  that,  while  soma 

wiU  float  upon  the  ordinary  brandy  of  commerce, 

Ofchfits  will  siak  in  it;  and  tha  specific  gravitiea  of  these 

bobfalas  haraig  been  ascertained^  are'  marked  upon ' 

them  respectively,  by  means  of  a  diamond,  and  they 

thus  become  very  useful  instruments  for  trying  the  com* 

paratiTe  goodness  of  spirits ;  for  if  a  bubble  be  found 

which  will  just  sink  beneath  the  surface  of  good  bran* 

dy,  it  will  sink  to  the  bottom  of  that  which  is  still 

stronger,  and  float  upon  the  surface  of  that  which  is 

not  so  strong.     The  figures  5,  10,  15,  &c.  marked 

upon  these  bubbles  indicate  per  centage  strengths,  as 

in  the  hydrometer,  but  are  not  so  much  to  be  depended 

upon,  unless  used  with  a  thermometer  at  the  tempera* 

ture  at  which  they  were  originally  formed.     They 

answer,  howerer,  very  well  for  the  cursory  examination 

of  spirits,  as  above  hinted  at. 

86.  Where  it  is  necessary  to  take  the  specific  gravity 
of  a  fluid  at  a  boiling  temperature,  such  bubbles  will 
be  found  very  convenient.  Mr.  London,  who  has 
obtained  a  patent  for  purifying  rock  salt,  has  adopted 
the  ingenious  expedient  of  employing  two  bulbs  of 
difierent  gi'avities  at  once,  by  which  he  readily  deter- 
mines when  his  saline  liquor  is  evaporated  to  the  point 
which  is  necessary  for  his  purpose ;  for  if  the  lixvoium 
be  too  dilute,  both  these  bulbs  will  fall  to  the  bottom  ; 
and,  if  too  dense,  both  will  swim ;  but  when  he  per* 
ceives  that  the  heaviest  falls,  and  the  other  floats,  he 
then  knows  that  he  may  rely  upon  the  liquor  being  of 
the  medium  specific  gravity  which  he  requires. 

87.  The  methods  of  ascertaining  the  specific  gravity 
of  Grases  will  be  considered  hereafter,  when  the  student 
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may  be  supponed  to  be  better  acquainted  with  those 
Biantpulations  which  the  management  of  such 'bodies 
willrequiie. 

An  ample  Table,  exhibiting  the  Specific  GiUTities  of 
thoae  diflferent  substances,  which  are  most  interesting 
lo  the  medical  student,  will  be  found  in  the  Appendix, 
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88.  We  have  hitherto  only  considered  Attraction, 
as  exerted  over  masses  of  matter,  at  sensible  distances ; 
we  have  now  to  examine  its  influence  over  the  minute 
atoms  of  bodies  placed  with  respect  to  each  other  at 
insensible  distances.  Where  these  atoms  are  similar 
in  their  nature,  the  result  of  this  power  is  simple  aggre- 
gation ;  but  where  dissimilar^  it  gives  origin  to  new 
and  infinitely  varied  productions. 

COHESION. 

Synofu  The  Attraction  of  Aggregation  ; — Cohasho€ 
Affinity  ;  —  Corpuscular  Attraction  ;  —  HamogC' 
neous  Affinity. 

89.  It  may  be  defined,  that  force,  or  power^  bj 
which  particles,  or  atoms  of  matter,  of  the  same  kind, 
attract  each  other,  and  produce  an  aggregate  or  mass. 

90.  This  force  is  exceedingly  various  in  difierent 
bodies,  and  even  in  difierent  states  of  the  same  body* 
In  solids  its  force  is  exerted  with  the  greatest  intensity ; 
in  liquids  it  acts  with  much  less  energy,  and  in  aeri* 
form  bodies  it  is  doubtful  whether  it  exists  at  all ;  thus 
water,  in  a  solid  state,  has  considerable  cohesion,  which 
is  much  diminished  when  it  becomes  liquid,  and  Is 
entirely  destroyed,  as  soon  as  it  is  changed  into  vapour^ 
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9L  The  force  of  cohesion  in  solid  bodies  is  mea-* 
sured  by  the  weight  necessary  to  break  them,  or  rather 
to  pull  them  asunder ;  thus  iron  is  composed  of  par« 
tides  cohering  so  strongly,  that  if  a  rod  of  this 
metal  be  suspended  in  a  perpendicular  direction,  it 
will  require  an  enormous  weight  to  be  attached  to 
the  lower  extremity  in  order  to  break  it;  a  smaller 
force  is  sufficient  to  oYercome  the  cohesion  of  lead, 
and  a  still  smaller  to  separate  the  particles  of  chalk 
from  each  other.  We  are  indebted  to  Muschenbroeck 
fbr  the  most  complete  set  of  experiments  upon  this 
subject,  and  by  which  he  has  been  enabled  to  construct 
a  Table  expressive  of  the  relative  degrees  of  cohesion 
possessed  by  different  bodies. 

92.  The  vital  power  has  been  said  to  modify  co- 
hesion, as  .it  does  every  other  physical  force;  this 
assertion,  however,  can  only  be  supported  with  refer- 
ence to  muscular  structure;  numerous  experiments 
have  shewn  that  there  exists  a  greater  degree  of  co- 
hesion between  the  particles  of  the  muscular  fibre 
during  Hfe  than  immediately  after  deach»  6ir  Gilbert 
Blane  made  the  following  experiment  upon  the  flexor 
muscle  of  the  thumb  of  a  man,  five  hours  after  death, 
while  the  parts  were  yet  warm  and  flexible.  All  the 
parts  of  the  joints  having  been  separated,  except  the 
tendon,  a  weight  was  hung  to  it,  so  as  to  act  in 
the  natural  direction,  and  was  increased  gradually  till 
the  muscle  broke,  which  happened  when  twenty-'Sis 
pounds  had  been  appended ;  whereas,  he  found  that  a 
man  of  the  same  age,  and  the  same  apparent  size  and 
strength,  with  the  subject  of  the  preceding  experiment, 
Cquld  with  ease  lift  thirty^eight  pounds  by  the  volun- 
tary exertion  of  the  same  muscle.  *    Similar  remarks 

«  Select  DiiMrtatians  on  levenU  subjects  of  Medical  ^cieoce, 
by  Sir  Gilbert  Blaae,  Bart  p.  S37. 
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have  been  made  by  Carlisle,  *  and  bj  Bichat ;  f  and, 
with  a  view  to  the  same  conclusion  it  has  been  obser<* 
Yed^  that  when  a  vessel  is  ruptured  during  life,  it  is 
the  tendinous  part  which  is  disposed  to  give  way,  while, 
on  the  contrary,  after  death,  the  fleshy  part  is  always 
weaker  than  the  tendon.  % 

99.  In  liquids,  the  force  of  cohesion  is  demonstrated 
by  the  spherical  figure  which  they  assutne,  when  suf- 
finred  to  fall  through  the  air,  or  to  form  drops.  The 
drop  is  spherical,  because  each  particle  of  the  fluid 
exerts  an  equal  force  in  every  direction,  drawing  other 
pairUcIes  towards  it  on  every  side,  as  far  as  its  power 
extends ;  and  it  follows,  upon  the  principles  of  Me^ 
cbanics,  that  the  equilibrium  of  the  attractive  forces 
can  only  take  place  when  the  mass  has  received  a 
globular  form.  To  the  operation  of  the  same  force  i& 
owing  the  property  possessed  by  all  liquids  of  remaiiH 
ing  heaped  up  to  a  sensible  height  above  the  brims  of 
the  vessels  which  contain  them,  whether  formfed  of 
glass,  or  of  metal. 

94.  The  force  of  cohesion  varies  in  different  liquids, 
as  it  does  in  diflerent  solids,  and  hence  the  size  of  their 
respective  drops  must  also  vary.  We  perceive,  there- 
fore, how  extremely  incorrect  it  would  be  to  assume  a 
drop  as,  in  all  cases,  equivalent  id  a  grain  (45)  ;  thus  a 
drop  of  alcohol,^the  most  ordinary  solvent  in  tinctures, 
is  not  only  much  lighter,  but  even  much  smaller,  than 
one  of  water.  This  consideration  sanctions  the  pro- 
priety of  the  introduction  of  a  measure  that  may  super- 
sede the  necessity  of  apportioning  the  dose  of  a  liquid 
by  the  ordinary  mode  of  dropping. 


^ita 


♦  Pbil.  Tnus^  for  1805,  p.  S. 

f  Amt  Gen.  t.  ii.  p.  898. 
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9S« '  It  is  difficult  to  measui^  directly,  the  cokeuon 
of  liquid  bodies ;  but  it  is  evident  from  what  has  been 
above  stated,  that  an  approximation  may  be  derived 
from  the  magnitude  of  drops,  and  the  thickness  of 
liquid  sheets,  heaped  upon  an  horizontal  surface. 

96.  As  the  Attraction  of  Cohesion  does  not  extend 
to  any  sensible  distance,  (88)  it  must  follow  that  when- 
ever the  parts  of  any  substance  are  separated,  or  broken, 
it  will  be  difficult  to  reunite  them.  If,  however,  they 
can  be  brought  into  sufficient  approximation,  then  this 
attraction  will  operate,  and  their  union  take  place; 
thus,  two  leaden  bullets,  having  each  a  fiiat  surface  of 
a  quarter  of  an  inch  in  diameter,  if  scraped  smooth, 
will  on  being  forcibly  put  together,  cohere  so  strongly 
as  sometimes  to  require  a  force  of  100  lb.  to  separate 
them*  As  the  constitution  of  liquids  will  allow  a  more 
perfect  contact,  separate  portions  may  be  made  to 
cohere  still  more  perfectly ;  in  this  way,  if  we  place 
two  or  more  globules  of  Mercury  on  a  dry  glass,  or 
earthen  plate,  and  push  them  gently  towards  each 
other,  the  globules  will  attract  each  other,  and  form 
one  mass  or  sphere,  greater  in  bulk,  but  precisely  the 
same  in  nature ;  but  if  these  globules  should  have  been 
previously  moistened,  the  necessary  approximation  will 
be  prevented,  by  the  intervention  of  a  film  of  water, 
and  no  adhesion  will  take  place. 

97.  An  important  modification  of  this  force  occa- 
sions liquids  to  rise  in  small  tubes,  and  as  this  phce- 
nomenon  is  most  conspicuous,  when  the  width  of  the 
bore  is  so  small  as  to  resemble  that  of  a  hair,  it  has 
been  denominated  Capillary  Attraction,  for  the 
height  to  which  the  fluid  rises  in  such  tubes  is  always 
inversely  as  their  diameters.  The  popular  mode  of 
explaining  the  fact  is  to  refer  the  suspension  of  the 
slender  column  of  water  to  the  attraction  of  the  in- 
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ierior  ring  of  glass  immediately  above  it,  but  Mr* 
Leslie*  very  shrewdly  inquires  why  the  ring  just  below 
the  summit  of  the  column  should  not  attract  it  equally 
downwards  ?  and  such  opposite  forces  producing  a 
perfect  equilibrium,  the  water  would  merely  preserve 
its  level,  and  shew  no  disposition  to  rise  in  the  tube. 
The  chief  obstacle  in  explaining  the  mode  of  capillary 
action,  continues  this  acute  philosopher,  arises  from 
the  prejudice,  that  a  vertical  attraction  is  necessary  to 
account  for  the  elevation  of  the  liquid ;  yet  such  un-* 
doubtedly  is  not  the  primary  direction  of  the  force 
evolved ;  for  the  action  of  the  glass  being  evidently 
confined  within  very  narrow  limits,  this  virtue  must  be 
diffused  over  the  internal  surface  of  the  tube,  atid  must 
hence  exert  itself  laterally^  or  at  right  angles  to  the 
sides.  Nor  is  it  difiicult  to  conceive  how  a  lateral 
action  may  yet  cause  the  perpendicular  ascent ;  for  it 
is  a  fundamental  property  of  fluids,  that  any  force  im« 
pressed  in  one  direction  may  be  propagated  equally  in 
eoerjf  direction.  The  tendency  of  the  fluid,  then,  to 
approach  the  glass  will  occasion  it  to  spread  over  the 
internal  cavity  of  the  tube,  and,  consequently,  to 
mount  upwards. 

98.  Capillary  action  is  hot  confined  to  glass  tubes  ; 
but  is  exerted  among  all  substances  which  are  per- 
forated by  pores,  or  subdivided  by  fissures  or  inter- 
stices. It  is  this  attraction,  for  instance,  which  causes 
water  to  rise  in  sponge,  cloth,  sugar,  sAnd,  &c. 

99.  To  the  Physiologist  Capillary  attraction  is  a 
phcenomenon  of  very  great  interest,  for  on  its  power 
depend  chiefly  the  functions  of  the  excretory  vascular 
system  in  plants  and  animals;  thus,  says  Professor 
Leslie,  if  the  pores  of  the  human  skin  were  no  finer 

*  Elements  of  Natural  Philosophy. 
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than  the  three-thausandth  part  of  an  inch  in  diameter^ 
they  would  yet  be  sufficient  to  support  lymph  to  an 
ahitude  of  ISO  inches,  or  10  feet,  or  much  higher  in-» 
deed  than  is  required  for  any  indiyidual.  The  rejection 
of  the  perspirable  matter  from  these  external  mouths 
*  ihust  occasion  a  continued  flow  of  the  liquid  from  the 
lower  and  wider  trunks  of  the  capillary  vessels,  luded 
no  doubt  by  a  connected  chain  of  alternate  contrac- 
tions and  dilatations,  extending  through  their  muscular 
structure.  The  pores  in  the  leaves  of  trees  and  tatf 
plants  must  be  still  finer,  seldom  perhaps  exceeding 
the  ten-thousandth  part  of  an  inch.  As  fast  as  the 
humidity  is  exhaled  into  the  atmosphere,  it  is  con- 
stantly supplied  by  the  ascent  of  sap  from  the  roots* 
Dr.  Hales  attempted,  by  an  ingeniously  devised  ex- 
periment, to  demonstrate  the  power  of  the  vegetating 
principle,  by  measuring  the  force^  with  which  the  sap 
ascended  in  the  ramifying  vessels  of  a  growing  plant, 
but  had  the  same  experiment  been  repeated,  with  a 
(lead  branch,  the  same  result  would  have  followed, 
provided  the  evaporation  from  its  extreme  surface  had 
been  sufficiently  copious. 

100*  To  the  Chemist  the  force  of  cohesion  is  more 
immediately  interesting,  as  it  is  continually  opposed  to 
the  action  of  chemical  affinity ;  for  the  more  strongly 
the  particles  of  any  body  are  united  by  this  power,  the 
less  are  they  disposed  to  enter  into  combination  with 
other  bodies ;  hence  certain  mechanical  operations, 
such  as  raspings  grinding^  pulverising^  and  -other 
modes  of  division,  are  generally  employed  as  prelimi- 
nary steps  to  chemical  processes ;  the  application  of 
heat*  will  also  diminish  the  cohesion  of  bodies,  and  is 

•  For  this  reason  the  size  of  a  drop  of  liquid  will  vary  at  dif- 
ferent temperatures,  a  fact  which  oflfers  an  additional  diiiciiltj  ia 
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iherefbre  firequently  useful  on  such  occasions.  In  these 
respects  the  digestive  action  of  the  stomach  may  be 
said  to  resemble  a  chemical  process,  for  where  the 
ingesta  are  not  finely  divided  by  mastication,  the  ope- 
ration is  tardily  or  imperfectly  performed,  and  the 
Ceethy  accordingly,  perform  the  same  duty  in  the.oeco- 
nomy  of  .the  animal,  as  the  mortar,  or  mill,  in  the 
laboratory  of  the  Chemist. 

.  101.  It  will  be  here  necessary  to  describe  more  fully 
the  [nature  and  importance  of  these  mechanical  opera- 
tions of  division^  and  separation^  to  which  we  have 
just  alluded.:  In  the  former  class  are  included  the  ipro' 
cesaea  of  Puherizationj  Trituration^  Levigation^  Gro' 
nutation^  Raspings  and  Grating.  In  the  latter,  those 
of  Siftingj  Elutriation^  Decantation^  Filtration^  Ex' 
pressiony  Chagulation^  and  Despumation. 

lOS.  Puherixation  is  that  process  by  which  friable 
and  brittle  substances  are  reduced  to  powder ;  and  is 
generally  poformed  by  means  oi  pestles  and  mortars. 

103.  These  instruments  are  ccmstructed  of  various 
materials,  accocding  to  the  nature  of  the  substances 
they  are  intended  to  pulverize ;  it  being  necessary  that 
they  should  at  once  resist  both  mechanical  force,  and 
the  chemical  action  of  the  bodies  they  may  contain. 
Wood,  iron,  maible,  siliceous  stones,  porcelain,  Wedg- 
wood's ware,  and  glass,  are  all  employed  for  such  an 
object.  Thus,  if  our  purpose  be  to  submit  astringent 
matter  to  their  action,  we  must  carefully  avcMid  an  iron 
vessel^  or  the  mass  will  combine  with  the  metal ;  if  for 
instance^  the  Confection  of  Roses  w^e  to  be  befiten  in 
9n  iron  mortar,  we  should  soon  obtain  a  compo)in4  as 
black  as  jet;  so  again,  substances  containing  Galomel 

Mikj  attempt  to  measure  quantity  by  the  number  of  drops.  Upon 
the  same  principle -ive  may  be  enabled  to  appreciate  some  oi  tha 
eflfeefs  of  temperature  in  aflfecttng  the  functions  of  aaiDab* 

£2 
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should  be  nibbed  iii  mortars  of  glasd  dr  earthenwaifcf, 
since  this  imercurial  salt  is  decomposed  by  iron,  lead^ 
or  copper;  nor  ought  marble,  or  metallic  mortars  to 
be  used  for  acid  substances, 

104.  Mortars  are  also  required  to  be  of  various 
sizes.  The  largest  are  usually  made  of  cast  iron,  as 
represented  in  figure  A,  fitted  with  wooden  covers,  so 

A  perforated  as  to  admit  the  pes- 

tle, but  sufficiently  close  to 
prevent  the  finer  particles  from 
flying  off,  and  to  defend  the 
operator  from  noxious  and 
disagreeable  effluvia,  such  as 
Aloes,  Ipecacuanha;  or  this 
end  may  be  more  completely 
attained  by  tying  a  piece  of 
pliable  leather  about  the  pes- 
tle, as  well  as  round  the  mouth 
of  the  mortar,  in  such  a  man- 
ner that  the  former  shall  have  free  motion.  So  pene- 
trating and  acrid,  however,  are  some  of  the  subtances 
to  be  thus  treated,  as  Euphorbium,  Cantharides,  &c. 
that  it  will  be  necessary  for  the  operator  to  cover  his 
mouth  and  nostrils  with  a  wet  cloth,  and  to  stand 
with  his  back  to  a  current  of  air,  that  the  particles 
which  arise  may  \}e  carried  off  firom  him.  To  lessen 
the  labour,  the  pestle  is  often  attached  by  a  cord  to 
the  end  of  a  flexible  wooden  beam,  placed  horizontally 
over  the  mortar,  the  elasticity  of  which  elevates  the 
pestle  to  the  proper  height  after  each  stroke  is  made. 

105.  The  most  useful  mortars  for  smaller  articles^ 
and  for  the  purpose  of  dispensing  medicines,  are  ^those 
of  Wedgewood  ware,  as  they  are  smooth,  hard,  and 
resist  the  action  of  any  chemical  re-agent. 

106.  Of  whatever  materials  mort&rs  are  constructed^ 
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their  internal  bottom  ought  to  be  made  in  the.  form  of 
a  hollow  spheire,  and  their  sides  should  haye  such  a 
de^pree  of  inclination  as  to  make  the  substances  they 
contain  &11  back  to  the  bottom,  when  the  pestle  is 
lifted^  but  not  so  perpendicular  as  to  collect  them  toc^ 
much  together,  otherwise  too  large  ^  a  quantity  would 
rest  below  the  pestle,  an4  prevent  its  operation,  For 
the  same  reason,  too  great  a  proportion  of  the  sub^ 
stance  to  be  pulverized  ought  not  to  be  put  into  the 
mortar  jat  once ;  and  the  particles  already  reduced  to 
powder  should,  from  to  time,  be  separated  by  meanq 
ofgieves,  to  be  hereafter  described.* 

107.  In  many  cases,  the  subject  to  be  pulverised 
requiiqps  some  previous  treatment,  to  render  it.  obedient 
CO  (he  pestle;  thus,  vegetable  matters  require  to  be 
dried  before  they  can  be  pulverized ;  and  wood,  roots, 
and  barks,  should  b^  previously  cut,  chipped,  €>r  rasped. 
When  roots  are  very  fibrous,  as  fpr  example,  those  of 
ginger,  it  is  necessary  to  cut  them  diagonally,  in  order 
to  prevent  the  powders  from  being  full  of  hair^like 
filaments.  Resinous  substances,  which  soften  at  a 
moderate  temperature,  should  be  pulveri;^d  in  cold 
weathpr,  ^d  pnly  gently  beaten  to  prevent  then^  from 
running  in^  a  paste,  instead  of  forming  a  powdeTi. 

108.  In  some  cases  the  disintegration  of  a  solid 
body  is  much  accelerated,  and  extended  by  the  addi- 
tion of  other  materials,  hence  the  pharmaceutical  aphor 
rism  of  Gaubius,  ^  Celerior  atqiis  factlior  succedat 
composita  quam  simplex  ptilv^isatio,^^  thus  the  pul-* 
yerization  of  camphor  is  assisted  by  a  few  drops  of 
spirit ;  that  of  aromatic  oily  substances,  as  nutmeg, 
mace^  &c.  by  sugar;    upon  the  same  principle,  the 

Pharmacopoeia  directs  the  trituration  of  Aloes  with 

■  ■         I     ■    ■    . —  ■  » 

*  Lavoisier's  Elemeats  of  Chemistry,  traaslaied  by  Kerr,  vol.  ii. 
p.  68. 
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clean  whi^e  sand,  in  tbe  process  for  preparing  Vinum 
Aloes y  to  prevent  the  particles  fix>m  running  togethei^ 
into  masses.  This  8ubject|  however,  will  be  fbun4 
more  fully  treated  of  in  myPharmacologia  (Vol,  1. 
art^  Puheres).  Metals  which  are  scarcely  brittle 
enough  to  be  powdered,  and  are  yet  too  soft  to  be  filed, 
as  for  instance  Zinc,  may  be  powdened  while  hot  in 
a  heated  iron  mortar ;  or  metals  may  be  rendered  britde 
by  alloying  them  with  mercury,  but  as  such  bodies  ar6 
not  required  to  be  reduced  to  the  state  of  very  fine 
powder  for  pharmaceutical  purposes^  these  processes 
are  rarely,  if  ever  performed. 

109.  The  degree  of  fineness  to  which  substances 
should  be  reduced  by  pulverization,  in  order  to  obtain 
their  utmost  eflSicacy,  is  an  important  question,  and  I 
have  already  endeavoured  to  establish  some  precept^ 
upon  this  subject,  for  the  guidance  of  the  practitioner.^ 

110.  Trituration  is  intended  to  produce  the  same 
effect  as  pulverization,  but  in  a  greater  degree;  It  is 
effected  by  a  rotatory  motion  of  the  pestle,  and  should 
be  perfomed  in  mortars  of  Wedgewood's  ware,  or  glass^ 
as  here  represented. 

On  a  larger  scale,  as  practised  at 
Apothecaries'  Hall,  and  in  the 
laboratories  of  the  manufacturing 
chemists,  this  operation  is  per-r 
formed  by  means  of  large  rollers 
of  hard  stones,  which  turn  upon 
each  other,  as  in  corn-mills,  or  by 
one  vertical  roller  turning  upon  a 
flat  stone. 

111.  JLenigation  is  a  proce^^ 
simitar  to  trituration,  except  that 
the  rubbing  is  assisted  by  the  ad^ 
dition  of  a  liquid  in  which  the 

*  PflARMAcoLocu.  EdltioD  6tli.  Aft.  Pulverti, 
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under  operation  is  not  soluble.  Water,  or  spirit 
ia  usually  employed  on  such  occasions,  and  in  particu« 
lax  cases,  viscid  and  fatty  matters,  such  as  honey,  krd^. 
ftc.  The  substance  to  be  levigated  is  spread  on  a  flat 
table  of  porphyry,  or  fome  other  hard  stone,  as  repre« 
sauted  in  the  annexed  figure,  and  is  then  rubbed  with. 

a  MuUcr  of  the 
Same-  materials, 
either  of  a  pyra- 
midal shape,  asi 
shewn  in  the 
wood  cut  (fl),  or 
«  portion  of  a  large  ^here.  A  thin  spatula  of  ivory, 
horn,  wood,  or  iron,  is  employed  to  bring  back  the 
materials  from  the  edges  of  the  table,  to  which  the 
operation  u£  the  muller  continually  drives  them.  In, 
some  cases^  however,  levigc^on  may  be  performed  in  a 
comnson  stone  mortar,  although  with  less  facility  than 
by  the  fooner  method,  where  from  the  flatness  of  the 
two  surfacefliy  the  paste  cannot  elude  the  jH'essure. 

112.  Gr4UUilaiion  is  employed  for  the  mechanical 
division  of  mietals,  and  of  phosphorus.  It  is  performed 
either  by  pouring  the  melted  metal  into  water,  or  by 
agitating  it  in  a  box,  until  th^  moment  of  congelation, 
at  which  instant  it  becomes  converted  into  a  coarse 
powder.  For  the  granulation  of  phosphprus  the  fprnyer 
process  can  be  alone  employed. 

113.  Substances  are^  moreover,  reduced  to  the  state 
of  coarse  powder  by  rasping,  and  iiling ;  and  the  softer 
vegetable  bodies  are  made  in^  ^  PV^^P  ^7  means  of  the 
grater. 

114.  Such  being  the  different  modes,  by  which 
solid  bodies  may  be  recfuced  to  powder,  in  order  to 
facilitate  their  cooabinationwith  other 'substances^  or 
to  adapt  thetai  for  administration  as  remedies,  we  liave 


72 


Sifting.    Eluiriation. 


next  to  describe  the  proceRses  by  which  the  parts  of 
^cibBtances  may  be  separated  from  each  other  by  diflfer^ 
ent  mechanical  means, 

116.  Sifting.  None  of  the  mechanical  operations 
employed  for  reducing  bodies  to  powder,  are  capable 
of  producing  it  of  an  equal  degree  of  fineness  through? 
put;  the  powder  obtained  by  the  longest  and  most 
accurate  trituration  being  still  an  assemblage  of  parti- 
cles of  various  sizes.  The  coarser  of  the^  are  removed, 
BO  as  only  to  leave  the  finer  and  more  homogenous  par- 
ticles, by  means  of  sieves  of  different  degree  of  finer 
ness,  adapted  to  the  particular  purpose?  for  which  they 
are  intended.  This  coarser  part  is  then  again  subr 
mitted  to  the  action  of  the  pestle;  and  thus,  by  degrees, 
will  the  whole  assume  an  uniform  fineness.  Sieves  are 
composed  of  iron-wire,  or  of  hair  cloth,  or  gauze,  or 
sometimes  of  parchment  pierced  with  round  holes  of  ari 
appropriate  size.  When  very  subtle  materials  are  to 
be  sifted,  which  are  easily  dispersed,  or  when  the  finer 
parts  of  the  powder  may  be  injurious  to  the  operator,  a 
Compound  Sieve  is  made  use  of,  as  here  represented, 

which  consists  of  the  simple  sieve,  r, 
*  with  a  deeper  rim ;  a  lid,  J,  covered  with 

leather ;  and  a  receiver,  </,'  with  leather 
^  stretched  across  one  end,  and  made  suf-' 

ficiently  wide  to  admit  the  lower  portion 

of  the  sieve  to  enter,  and  fit  tightly  with-? 

^^    in  it.     When  these  are  put  together, 

-=:^    the  finest  powder  may  be  separated  by 

them  without  any  loss  or  inconvenience 

to  the  operator. 

116.  Elutriation,  or  Wa$hing.  By  this  opc^ration 
we  are  enabled  to  procure  powders  of  a  greater,  and 
more  uniform  fineness,  than  by  the  sieve;  but  it  qai^ 
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imly  be  employed  with  such  substances  as  are  not 
acted  upon  by  the  liquid  vehicle.  The  powdered  suIh 
stance  is  mixed  and  agitated  with  water,  or  any  other 
oonyenient  fluid ;  the  liquor  is  allowed  to  settle  for  a 
few  momehts^  and  b  then  decanied  off;  ^  the  coarser 
powder  remMns  ftt  the  bottom  of  the  vessel,  and  the 
finer  parses  over  with  the  liquid.  By  repeated  de« 
cantations  in  this  manner,  various  sediments  are  obr 
tained  of  different  degrees  of  fineness ;  the  last  sedi- 
ment, or  that  which  remains  longest  suspended  in  the 
liquor,  being  the  finest.  By  a  method  of  this  kind 
the  Creta  Prwparaki  of  our  Pharmacopoeia  is  obtained 
in  a  very  impalpable  form.  This  process  may  also  be 
used  with  great  advantage  for  separating  substances 
of  different  degrees  of  specific  gravity,  though  of  the 
aanye  fineness. 

117.  Where  it  becomes  an  object  to  decant  the 
liquor  without  disturbing  the  sediment,  a  Syphon  may 
be  very  conv^niendy  employed ;  aiid  as  this  instrument 
is  of  great  value  to  the  chemist,  I  shall  take  this  oppor- 
tunity  to  describe  its  nature  and  operation. 

118.  The  Syphon  is  any  bent  tube  having  its  two 
legs  either  of  equal,  or  unequal  length,  as  here  repre- 
sented. If  the  two  legs  oi*  the 
tube  be  of  equal  length,  and  it 
be  filled  with  water,  and  then 
inverted  with  the  two.  open  ends 
downwards,  and  hdd  level  in 
that  position,  the  water  will  re- 
main suspended  in  it;  for  the 
atmosphere  will  press  equally  on 
the  surface  of  the  water  in  each 

*  In  performing  this  opcratioh,  especially  if  the  fluid  be  de- 
canted from  a  widc-nioulhed  vessel,  a  glass  rod  should  be  applied 
to  the  rim,  which  will  have  the  cficct  of  directing  the  liquor  in  a 
I'egular  ttrcaih.  •       • 
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end,  and  support  them*  Bat  if,  now,  the  Syphon  be 
a  Uttle  inclined  to  one  side,  or,  if  the  legs  beiof  uneqnal 
length,  as  abore  represented,  which  is  the*  asme  thing, 
CO  that  the  mifice  of  one  end  be  lower  than  that  of  thtt 
other ;  then  the  equililnittm  is  destroyed,  and  the  water 
will  all  descend  out  by  the  lower  end,  ty  and  rise  up 
in  the  higher*  For,  the  air  pressing  equally,  but  the 
two  ends  ^weighing  unequally,  a  motion  most  com* 
mence  where  the  power  is  greatest,  and  so  oontinue 
till  all  the  water  has  run  out  by  the  lowte  end;  And 
if  the  shorter  leg  be  immersed  into  a  v^essel  of  liquid, 
and  the  Syphon  be  set  running  e^  above^  it  will  con* 
tihue  to  run  until  fdl  the  water  be  exhausted,  or,  at 
least,  as  low  as  that  end  of  the  Syphon.  Or  it  may  be 
made  to  run  without  first  filling  the  Syphon,  as  above 
described,  by  only  inverting  it,  with  its  shorter  leg  in 
the  liquid ;  then  with  the  mouth  applied  to  the  lower 
orifice,  f,  sucking  the  air  out,  when  the  fluid  will 
presently  follow,  being  forced  up  into  the  Syphon  by 
the  pressure  of  the  air  on  the  water  in  the  teasel.  It 
must,  however,  be  here  stated,  that  the  opecAtion  of 
this  instrument  does  not  depend  upon  the  actual  length 
of  its  legs  being  unequal,  but  upon  the  virtual  or  efeo- 
tive  legs  being  so,  and  the  entice  legs  are  from  the 
surfiice  of  the  fluid  to  the  bend  or  point  9,  and  firom 
thence  to  the  extreme  point  of  discharge  at  t ;  conse- 
quently, if  the  leg  s  r  were  to  be  made  indefinitely 
longer  than  9  /,  the  Syphon  would  nevertheless  run, 
provided  the  fluid  at  r  was  higher  than  the  end  t ;  but 
it  would  only  continue  to  run  until  the  surface  of  that 
fluid  should  be  depressed  down  to  the  level  of  the 
point  #,  when  it  would  stop.  The  action  of  the  Syphon, 
then,  is  simply  as  follows ;  drawing  tl|e  air  out  of  the 
end  t  produces  a  vacuum  in  the  tube ;  the  pressure  of 
the  atmosphere  on  the  surface  of 'the  water  r  therefore 
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causes  it  to  rise  and  fill  the  tube  as  far  as  s^  and  after 
gaining  that  summit  the  liquid  continues  to  flow  over 
it  down  to  t ;  the  Syphon  l3eing  thus  filled  with  water 
res^Wes  itself  into  two  opposing  or  counteracting  co- 
lumns which  occupy  the  two  legs  of  the  instrument^ 
and  as  fluids  press  according  to  their  perpendicular 
hieight,  li  9  t  he  the*  longest  its  column  will  preponde- 
rate and  overcome  that  in  r  Sy  and  by  running  out 
at  i  will  t^nd  to  reproduce  or  maintain  a  vacuum  in 
the  upper  bend  ^ ,  which  is  constantly  prevented  by  a 
new  supply  of  water  being  forced  up  at  r,  by  atmos« 
pheric  pressure ;  consequently  the  flow  will  be  constant 
so  long  as  there  is  water  at  the  end  r  above  the  level 
pf  the  discharging  point  ty  but  as  soon  as  that  water 
becomes  depressed  to  the  level  of  that  point  which  it 
may  be  supposed  is  raised  to  the  dotted  line  r,  then  r  Sy 
and  s  fy  being  equal  in  length,  will  balance  each  other, 
and  no  more  water  can  flow.  As  the  Syphon  is  de- 
pendent on  the  pressure  of  the  .atmosphere  for  its  ac- 
tion, the  bend  8  at  it^  top  must  in  no  case  exceed  33 
feet  from  the  surface  of  the  water  to  be  raised^  or  it 
firill  be  incapable  of  acting.* 

119.    The  ordinary  fonn,  and  mode  of  using  the 
Syphon,  or  (Jrane  as  it  is  called  in  commercial  Ian- 

*  A  coliimn  of  mercury  31  inches  high  is  a  balance  for,  or  is 
the  greatest  height  of,  that  metal  which  the  pressure  of  the  atmos- 
phere can  sustain  when  at  it»  greatest  natural  density,  and  as  this 
densHy  diminialws  it  can  sometimes  support  no  more  than  28 
inches  of  mercury  in  the  barometer  tube.  Now  a$  the  apocific 
gravity  of  mercury  is  13*&JS»  orratl^er.more  than  13  times  and  a 
half  as  heavy  as  water,  it  follows  that,  if  the  pressure  of  the  atmus-, 
phere  can  support  31  inches  of  the  former,  it  will  also  suppcrt 
above  13|  times  as  high  a  column  of  the  latter,  or  one  of  about 
4M>  inches,  or  3$  feet  in  perpendicular  height.  (MilHngton''9 
Nmitrmi  FkiloMophif.) 
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guage,  are  shewn  in  the  annexed  figure* 


The  inconvenience  of  i^ply* 
ing  the  mouth  to  the  extremity 
of  the  leg  is  prevented  by  the 
supplementary  tube  A.  The 
instrument  is  supported  by 
means  of  the  perforated  bowrd 
fi  at  the  proper  depth  in  the 
vessel  e. 


120.  A  very  simple  and  useful  application  of  the 
principle  upon  which  the  Syphon  operates,  may  be 
made  by  means  of  strips  of  linen  rag,  or  skeins  of  cot- 
ton, wetted  and  hung  over  the  side  of  the  vessel  con- 
taining a  fluid,  in  such  a  manner  as  that  one  end  of 
the  rag  or  cotton  may  be  immersed  in  the  liquid,  and 
the  other  end  may  remain  without,  below  the  surface. 

JSI.  Filtration.  An  operation^  by  means  of  which 
a  fluid  is  mechanically  separated  from  consistent  par- 
ticles merely  mixed  with  it.  It  does  not  difier  from 
Strainings  except  perhaps  in  degree. 

123.  A  filtre  is  a  species  of  very  fine  sieve,  which 
is  permeable  to  the  particles  of  fluids,  but  through 
which  those  of  the  finest  solids  are  incapable  of  passing ; 
hence  its  use  in  separating  impalpable  powders  from 
suspension  in  fluids. 

183.  The  instruments  for  this  purpose  are  con- 
structed of  various  materials,  and  in  their  selection 
care  must  be  ^ken  that  they  be  not  acted  upon  by  the 
substances  for  which  they  are  employed. 

For  many  purposes  in  pharmacy,  as  for  the  straining 
of  saccharine  and  mucilaginous  liquors,  flannel,  or  fine 
woollen  cloth,  or  linen,  is  chiefly  used ;  the  filtre  is 
usually  formed  in  a  conical  shape,  as  possessing  the 
advantage  of  uniting    all  the  liquor,    which   drains 
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through)  into  it  point,  nvhere  it  may  be  readily  collected 
in  a  receiving  vessel  (A),  thui 


Flannel  filtres  are  particularly 
eligible  also  where  our  object  is  to 
preserve  the  solid  residue,  but 
when  the  filtered  liquor  is  the  va- 
luable product,  linen  is  generally 
preferable,  as  it  absorbs  less  of  the 
fluid,  which  is  thus  obtained  also 
in  a  more  limpid  state. 


124.  For  smaller  processes,  and  where  it  is  essential 
to  have  the  filtres  perfectly  clean,  unsized  paper  is  sub- 
stituted. A  square  piece  of  this  paper,  of  a  size  pro'- 
portionate  to  the  quantity  of  the  substance  to  be  filtered 
is  taken,  and  first  doubled  from  comer  to  comer  into 
a  triangle,  which  by  second  doubling  forms  again  a 
smaller  triangle,  and  this  when  opened  constitutes  a 
paper  cone,  as  here  exhibited  (Fig.  1)  which  is  to  be 
supported  in  a  glass  funnel  (Fig.  S)  before  the  liquor 
is  poured  into  it.  It  is  of  advantage  to  introduce  glass 
rods,  pieces  of  straw,  or  quills,  between  the  paper  and 
fiinnel,  to  prevent  them  from  adhering  too  closely  ;  for 
this  reason  ribbed  (3)  are  preferable  to  plain  funnels. 
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1S5.  Very  acrid  liquors,  such  as  acid,  and  alkaltite 
solutions,  act  too  powerfully  on  the  ordinal^  materials 
of  filtres,  and  are  accordingly  filtered  through  strata  of 
differently  sized  particles  of  siliceous  matter ;  for  this 
purpose,  a  glass  funnel  is  filled  with  powdered  quartz, 
or  flint  glass ;  a  few  of  the  lai^er  pieces  being  placed 
in  the  neck,  which  are  covered  with  the  smaller  frag- 
ments, the  finest,  or  white  sand,  being  placed  over  aU. 
The  liquid  to  be  filtered  is  poured  gently  on  the  sur- 
face, and  soon  passes  through  it,  leaving  the  impurities 
behind.  The  porosity  of  this  filtre,  however,  retains 
much  of  the  liquor;  but  it  may  be  obtained  by  gently 
pouring  on  it  an  equal  quantity  of  distilled  water ;  the 
liquor  will  then  pass  through,  and  the  water  will  be 
retained  in  its  place. 

126.  In  many  instances  the  first  portions  of  fluid 
that  pass  through  the  filtre  are  turbid,  and  require  to 
be  returned,  until  the  pores  of  the  filtre  are  suffi- 
ciently obstructed  to  permit  the  most  limpid  part  only 
of  the  liquor  to  pass.  In  cases  where  the  solid  residue 
is  small,  and  it  is  requisite  to  collect  the  whole  of  it, 
it  is  useful  to  have  a  small  glass  tube,  drawn  to  a  capil- 
lary point  at  one  extremity,  and  having  a  bulb 
in  its  centre,  as  represented  in  the  mai]gin.  By 
filling  which  with  distilled  water,  and  putting 
the  larger  end  into  t)ie  mouth,  the  force  of  the 
breath  can  direct  a  small  strong  stream  of  water 
round  the  sides  of  the  paper  in  the  funnel, 
which  vrill  vrash  down  to  its  bottom  all  the  minute 
particles  of  solid  matter  lodged  on  its  sides. 

1S7.  The  filtration  of  some  liquid3  i&  assisted  by 
heat ;  in  such  cases  a  funnel  with  a  .double  case  may 
be  constructed  so  as  to  hold  boiling  water.  Where 
several  filtrations  are  in  progress  at  the  same  time,  a 
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Nil 


Standi  similar  to  the  one  here 
represented,  will  be  found 
Terj  convenient  for  the  re- 
ception of  the  iunnels* 

128.  -  Exprtsmon  is  a  species  of  filtration^  assisted 
by  mechanical  force.  It  is  principally  employed  to 
obtain  the  jnices  of  fresh  vegetables,  and  the  uncttioas 
vegetable  oils.  The  subject  of  the  operation  is  first 
bruised,'  or  coarsely  ground,  then  inclosed  i|»  a  hair- 
doth  bag,  and  subjected  to  violent  pressure  between 
the  plates  of  a  screw- press.*  The  bags  should  be 
Hiearly  filled ;  and  the  pressure  shpuld  be  grade  at 
^first,  and  gradually  increased, 

189.  Vegetables  intended  for  this  operation  ought 
to  be  perfectly  fresh,  and  freed  from  all  impurities*  In 
general,  they  should  be  expressed  as  soon  as  they  are 
bruised,  as  the  bruising  disposes  them  more  i%adily  to 
ferment ;  but  sub-acid  fruits  yield  more  juice,  and  of  a 
finer  quality,  when  the  bruised  fruit  is  aUowed  to  stand 
for  some  days  in  an  earthen  or  wooden  vessel.  To 
'some  vegetables,  that  are  not  very  juicy,  the  addition 
of  a  little  water  is  necessary. 

IdQ.  For  unctuous  seeds  iron  plates  are  used ;  and 
it  is  customary  not  only  to  heat  the  plates,  but  to 
warm  the  bruised  seeds  in  a  kettle  over  the  fire;  it 
would,  however,  be  better  to  expose  them  in  a  bag  to 
the  steam  of  boiling  water. 

131.  Despumaiion.  Some  fluids  are  so  thick  and 
clammy  as  to  be  unable  to  pass  through  any  filtre,  in 


^^ 


*  For  this,  and  similar  purposes,  where  great  pre»ure  is  re- 
quired, Mr.  Joseph  Bramah's  admirable  W^^mMc  Frtst  laay  be 
employed  with  £;reat  advaatage.  This  instrument  is  constructed 
upon  the  same  principles  as  those  which  explain  the  well  known 
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which  case  they  are  clarified  by  the  process  o(  despu* 
maiiony  which  consists  in  heating  the  liquor,  and  care-^ 
fully  removing  the  scum  as  it  is  thrown  up  on  the 
surface. 

13S.  Coagulation^  When  the  process  of  despu- 
mation  is  effected  by  means  of  glutinous^  or  albuminous 
matter,  as  the  white  of  egg^  it  is  called  coagulation  i 
when  the  substance  is  not  spirituous,  as  syrups,  for 
example,  the  albumen  which  is  mixed  with  the  fluid 
coagulates  when  it  is  boiled,  and  entangling  the  im^ 
purities  of  the  fluid,  rises  with  them  to  its  surface  in 
the  form  of  scum ;  but  spirituous  liquors  may  be  clari- 
fied with  Isinglass,  without  the  assistance  of  heat,  the 
alcohol  coagulating  it  to  as  to  form  a  scum,  which,  by 
descending  slowly  to  the  bottom  of  the  vessel,  carries 
along  with  it  all  the  impurities.  In  this  manner,  it 
will  be  readily  perceived  that  the  network  of  isinglass 
merely  acts  the  part  of  a  filtre,  but  with  this  difference, 
that  in  this  case  the  filtre  passes  through  the  liquor, 
instead  of  the  liquor  through  the  filtre. 

153.  Fluids,  of  different  specific  gravities,  when 
mixed  together  may  be  separated  by  means  of  the 
Separator^  funnel  which  is  here  represented. 
It  is  principally  employed  for  separating  the 
Essential  oils  firom  the  water  with  which  they 
are  entangled  during  their  distillation.  The 
funnel  is  first  stopped  at  the  bottom,  and  then 
filled  with  the  mixed  fluids,  the  heaviest  of 
which  gradually  subsides  into  the  narrow  part 
below ;  and,  when  the  cork  at  the  bottom  is 
removed,  and  the  stopper  above  a  little  loos-' 
ened,  it  flows  out ;  by  which  contrivance  the  lighter 
is  easily  obtained  in  a  separate  states 
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In'some  cases  a  Separator^/  is  employed ;  a  vessel  of 

ivhich  the  annexed  is  a  sketch.  The 
mixture  is  introduced  through  the 
central  opening,  which  is  then  to  be 
stopped.  By  inclining  the  bottle  to 
one  side,  and  at  the  same  time  closing 
the  orifice  on  the  opposite  side  with  the  finger,  the 
fluids  will  separate ;  and  wh6n  the  finger  is  removed, 
the  heavier  will  run  through  the  lower  orifice,  or  neck, 
before  any  of  the  lighter  escape.  If  this  apparatus  is 
not  to  be  procured,  the  separation  of  the  fluids  may  be 
very  easily  performed  by  means  of  the  common  glass 
funnel,  regulating  the  egress  of  the  liquid  by  means  of 
the  finger  held  at  the  lower  extremity  of  the  tube. 
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134.  This  species  of  Attraction,  like  that  of  Cohesion, 
is  eflf^ctite  only  at  insensible  distances ;  but  it  differs 
from  the  latter  force,  in  being  exerted  between  the 
particles,  or  atoms  of  bodies  of  different  kinds,  and  in 
producing  by  its  agency,  not  a  mere  aggregate  pos- 
sessed of  the  same  properties  as  the  separate  parts,  and 
differing  only  in  its  greater  quantity  or  mass,  but  a 
new  compound,  in  which  the  properties  of  the  compo- 
nents have  either  wholly,  or  in  part,  disappeared,  and 
been  superseded  by  new  qualities. 

1 35.  Where  two  heterogeneous  or  dissimilar  bodies, 
are  placed  within  the  sphere  of  each  others  attractions, 
and  form  a  direct  union,  the  phoenomenon  is  termed 
Combination,  the  substance  so  produced,  a  Com- 
pound, and  the  bodies  from  which  it  has  been  formed, 
its  Constituent  Principles,  or  Component  Parts. 

136.  The  process  by  which  a  compound  body  is 
resolved  into  its  constituent  parts  is  in  chemical  lan- 
guage termed  Analysis  ;  whereas  that,  by  v^hich  a 
compound  is  formed  by  combination,  is  denominated 
Synthesis.  And  under  these  are  comprehended  the 
greater  part  of  the  operations  of  Chemistry. 
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137.  That  chemioal  affinity  is  effective  only  at  in* 
sensible  distances  may  be  demonstrated  by  the  follow- 
ing experiments. 

Experiment  1.  Into  a  deep  ale-glass,  or  glass  jar, 
pour  two  jSuid^lrachms  of  a  solution  of  the  Sub- 
carbonate  of  Potass  (Ldquor  Potassce  Sub-car* 
banatis.  p.  l.)  diluted  with  about  fourteen  fluid- 
drachms  of  distilled  water.  Under  this  introduce, 
very  cautiously,  half  a  fluid-ounce  of  water  hold- 
ing a  drachm  of  common  salt  in  solution ;  and 
again,  under  both  these,  two  fluid-ounces  of  Sul- 
phuric acid  which  has  been  previously  diluted 
with  an  equal  quantity  of  water.  The  delivery  of 
these  different  fluids  may  be  efiected  by  the  drop' 
ping^  tube  above  described  (1S6),  or  by  means  of 
a  common  glass  tube  open  at  each  extremity, 
which,  having  been  plunged  in  the  liquid,  must 
be  v^thdrawn  with  the  thumb  closely  applied  to 
the  upper  orifice ;  when,  by  immersing  it  to  the 
bottom  of  the  jar,  and  then  removing  the  thumb, 
the  fluid  will  be  deposited  in  the  manner  required. 
If  this  arrangement  be  carefully  accomplished,  we 
shall  perceive,  notwithstanding  the  powerful  at- 
traction which  subsists  between  the  alkali  and 
acid,  that  no  action  will  take  place ;  because  their 
particles  are  separated  from  each  other  by  a  thin 
stratum  of  brine;  as  soon,  however,  as  this  ar- 
rangement is  disturbed  by  agitation,  a  brisk  effer- 
vescence will  commence,  and  a  chemical  combi- 
nation take  place.* 

*  The  same  phcBnomenon,  to  a  certain  extent,  will  take  pla<^ 
whoiever  a  lighter  fluid  is  made  to  repose  upon  the  surface  of  a 
denser  one,  and  for  which  it  has  an  attraction.  In  such  a  case 
those  particles,  which  are  in  immediate  contact,  will  combine, 
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Exp.  2«-— Take  two  grains  of  Osjffhuriatey  or  Chlo* 
ride  of  Potass  J  and  one  grain  of  the  Jhwtrs  of 
Sulphur^  mix  them  cautiously,  and  no  action  will 
ensue ;  rub  them,  howeyer,  in  a  mortar,  so  as  to 
bring  the  particles  into  nearer  contact,  and  a 
smart  detonating  noise  will  be  produced.  Con- 
tinue to  rub  the  mixture  hard,  and  the  reports 
will  be  frequently  repeated,  accompanied  with 
▼ivid  flashes  of  light. 

Esp.  3.— 'Mix  a  little  Acetate  of  Lead  wiili  an 
equal  quantity  of  Sulphate  of  Zinc^  both  in  fine 
powder ;  stir  them  tc^ether  with  a  piece  of  wood 
or  glass,  and  no  chemical  change  will  be  per- 
ceptible ;  but  if  they  be  now  rubbed  together  in  a 
mortar,  the  two  solids  will  operate  upon  each 
other,  and  a  fluid  mil  be  produced. 

138.  In  many  cases  the  necessary  contiguity  of  the 
particles  cannot  be  effected  without  the  processes  of 
solution  and  fusion ;  thus,  for  instance,  the  most  inti- 
mate incorporation  of  Sulphur  and  Potass,  by  tritu- 
ration, will  only  produce  a  mixture  of  these  bodies ; 
for,  if  a  portion  of  the  powder  be  thrown  into  water, 
the  Sulphur  will  separate  and  rise  to  the  surface^  and 
the  Potass  be  dissoWed ;  but  if  these  same  substances 
be  previously  melted  together,  their  union  will  be  ren- 
dered so  perfect,  that  the  compound  will  be  completely 
soluble ;  again,  if  we  mix  together,  however  intimately, 

and  the  compound,  thus  produced,  having  no  farther  affinity  for 
the  upper  or  lower  liquid,  become  a  stratum  of  separation.  This 
quiescence,  however,  will  he  only  of  short  duratien  %  for,  since  the 
specific  gravity  of  the  new  compound  will  rarely  suffer  it  to 
retain  its  situation,  firesh  portions  of  the  two  iuids  will  succes- 
sively come  in  contact,  until  a  general  combination  throughout 
the  whole  is  effected. 
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the  powdered  ciyttais  of  dry  Tartaric  acid,  and  Car- 
booata  of  Soda^  no  action  will  be  perceived,  but  the 
moment  water  ie  added,  and  a  eolutioo  thus  efiected, 
they  will  act  chemically  upon  each  other,  and  a  brisk 
eflfenrescence  will  arise. 

139.  In  order  to  shew  that  the  result  of  chemical 
combination  is  the  formation  of  a  new  body,  in  which 
the  properties  of  the  components  have  either  wholly,  or 
in  part,  disappeared,  and  been  superseded  by  others, 
numerous  experiments  might  be  related,  but  the  fol- 
lowing have  been  selected  as  being  at  once  striking, 
and  easy  of  performance. 

Experiment  4.  —  Two  Odorous  bodies  produce  a 
compound  destitute  of  Odour. .  Water  impreg- 
nated with  Ammonia  (Liquor  Ammonias,  p.  l«) 
and  concentrated  Muriatic  Acidy  are  iSuids  of  a 
very  pungent  odpur ;  mix  them  together  in  proper 
proportions,  and  a  fluid  will  result  entirely  devoid 
of  smell. 

Exp.  5.-<-7W  Fluids  produce  a  solid.  Into  a  satu- 
rated solution  of  Muriate  of  limcy  let  fall,  gra- 
dually, concentrated  Sulphuric  acid;  a  quantity 
of  pungent  vapour  (Muriatic  acid  gas  and  water) 
will  immediately  arise,  and  an  almost  solid  com- 
pound (Sulphate  of  lime)  be  produced. 

Exp.  S.-^'Two  Solids  produce  a  Fluid.  This  has 
been  already  exemplified  by  experiment  3 ;  or  we 
may  triturate  together  equal  parts  of  crystalliased 
Nitrate  of  Ammonia  and  Sulphate  ofSoda,  when 
the  saline  mixture  will  shortly  assume*  the  liquid 
form.— »Or, 
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JSxp.  7. — ^Take  an  Amslgam  of  Lead,  and  another 
of  Bismuth;  let  these  two  solid  bodies  be  mixed 
by  triture,  and  they  will  become  liquid. 

Ej:p.  8. — Two  Liquids  produce  a  Gas,  Mix  about 
five  iSuid-drachms  of  Rectified  Spirit,  with  three 
fluid-drachms  of  Nitric  acid,  when,  in  a  few 
seconds,  a  gas  will  be  evolved,  which  may  be  in- 
flamed by  holding  a  lighted  taper  to  the  mouth  of 
the  flask  from  which  it  escapes. 

Esp.  9. — Two  Gases  produce  a  Solid/  thus,  when 
muriatic  gas  and  ammoniacal  gas  are  mingled  to^ 
gether,  they  produce  the  solid  salt  called  Sal 
AmmoniaCj  or  Muriate  of  Ammonia.  This  experi- 
ment may  be  easily  performed  by  putting  an  equal 
portion  of  SsA  Ammoniac  into  two  wine-glasses, 
and  then  adding  quick-lime  to  the  one,  and  sul- 
phuric acid  to  the  other ;  firora  the  former  ammo- 
jiiacal,  from  the  latter  muriatic  gas,  will  be  evolved. 
As  soon  as  the  two  vessels  are  made  to  approach 
each  other,  the  gases  will  intermingle  and  combine, 
and  display  the  formation  of  a  solid  product,  by 
the  appearance  of  white  fumes  of  great  density, 
thu;s, 


Exp.  10.— TaJo  colourless  Jluids  produce  a  com- 
pound  of  exquisite  colour.     Into  a  wine-glass, 
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containing  water,  add  a  few  drops  of  Prussiate  of 
Potass;  dnd  into  another,  a  little  of  the  dilute 
solution  of  Sulphate  of  Iron ;  on  mixing  these  two 
colourless  liquids  together,  a  bright  deep  blue 
colour 'will  be  mstantly  produced,  which  is  the 
true  "  Prussian  Blue.^* — ^r, 

Exp.  11. — Introduce  a  solution  of  Prussiate  of 
Potass  into  one  glass,  and  into  a  second,  that  of 
Nitrate  of  Bismuth;  on  mixing  together  these 
liquids,  ay e//oa7. compound  will  result. 

Esp.  19.- — JTie  same  Vegetable  infusion  will  yield 
three  different  colours^  on  the  addition  of  three 
colourless  fluids.  Pour  boiling  water  upon  a  few 
slices  of  red  cabbage,  and,  when  cold,  decant  the 
clear  infusion ;  distribute  the  liquor  in  three  wine 
g?dsse8.  To  the  first  add  a  solution  of  Alum ;  to 
the  second,  that  of  Potass;  and  to  the  third,  a 
few  drops  of  Muriatic  acid.  The  liquid  in  the 
firet  glass  will  be  thus  made  to  assume  a  purpky 
thai  in  the  second,  a  bright  green^  and  that  in 
the  third,  a  beautiful  crimson  colour. 

Exp.  13. — Two  blue  liquids  become  red  by  combi^ 
nation.  Pour '  a  little  tincture  of  Litmus  intp  a 
wine-glass;  and  ii>to  another,  some  diluted  Sul- 
phate of  Indigo;  and  the  compound  will  have  a 
perfectly  red  colour. 

« 

Exp.Xit.  —  Two  Corrosive  substances  produce  a 
mild  compound.  If  we  add  together  Sulphuric 
acid  and  Potass,  two  highly  caustic  bodies,  we 
shaU  produce  Sulphate  of  Potass,  a  mild  and 
almost  tasteless  compound. 

Exp.  \5.^^Infusible  bodies  form  fusible  Compounds. 
Thus,  neither  Clay,  Silex,  nor  Lime,  will  meflt 
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singly,  but  when  these  three  earths  are  mixed  in 
due  proportion^  a  highly  fusible  compound  is  the 
result.  In  the  same  manner^  Bismuth,  Lead,  and 
Tin,  when  separately  heated,  require  a  compara- 
tivdiy  high  temperature  to  effect  their  fusion; 
whereas  the  alloy  formed  by  their  combination 
will  melt  in  bpiling  water. 

140.  The  experiments  above  related  illustrate,  in  a 
very  striking  manner,  the  important  changes  which 
bodies  undergo  by  chemical  combination  with  each 
other ;  but  it  does  *not  necessarily  follow  that  every 
compound  is  marked  by  an  equally  great  change ;  in 
some  cases  of  combination,  the  resulting  body  will 
difier  but  little  in  appearance  or  qualities,  from  the 
ingredients  of  which  it  is  composed.  This  fitct  is  ex- 
emplified by  the  phoenomena  of  Solution,  a  process 
which  offers,  perhi^,  the  simplest  instance  of  Chemical 
Affinity,  and  may  with  great  propriety  and  advantage 
be  investigated  in  this  part  of  the  woriL,  as  the  process 
is,  in  many  cases,  essentially  necessary  to  prepare 
bodies  for  those  complicated  changes  which  we  shall 
hereafter  endeavour  to  explain;  indeed  so  essential 
was  this  preliminary  condition  considered,  that  the 
older  chemists  regarded  it  as  indispensable  to  chemical 
action ;  hence  was  deduced  the  axiom  ^^  Corpora  non 
agunt  nisi  sint  solutOy^  a  principle,  however,  to  which 
the  progress  of  chemical  science  has  discovered  many 
exceptions ;  it  has  been  found,  for  instance,  that  many 
solid  bodies  will  act  upon  each  other,  chemically,  both 
at  a  low  and  high  temperature ;  thus  two  simple  earths, 
if  heated  together,  will  combine,  although  the  tempera- 
ture be  much  lower  than  that  which  would  be  neces- 
sary for  the  fusion  of  either  separately.  This  con- 
tideratioi)  induced  Morveau  to  modify  the  axiom,  and 
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to  express  it  more  justly  in  the  following  terms,  ^^  There 
is  no  chemical  action  between  bodies^  if  one  of  them  is 
not  sufficiently/  fluid**  (or  rather,  if  ita  aggregation  is 
not  sufficiently  weakened,)  ^^  that  its  particles  may 
yield  to  that  affinity^  which  tends  to  bring  them  into 
contact  with  each  other.** 
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141.  By  this  term  Chemists  understand  a  certain 
operation,  by  which  a  solid  body  combines  with  a 
fluid,  in  such  a  manner  that  the  compound  retains  the 
form  of  a  transparent,  and  permanent  fluid;  that  is  to 
say,  incapable  of  separation  by  any  mechanical  process. 
The  condition  is  essential  to  the  phsenomenon,  and 
servesy  at  once,  to  distinguish  it  from  simple  mixture, 
or  mere  mechanical  difiiision,  as  will  more  clearly  ap- 
pear by  the  following  experiment. 

JEsp.  ]  6.— Take  a  portion  of  the  earth  termed  Alag^ 
siesia,  and  difiuse  it  by  agitation  in  a  quantity  of 
water;  a  white  turbid  mixture  will  be  formed, 
which,  upon  standing  sufficiently  long  at  rest,  will 
deposit  a  powder,  the  fluid  above  remaining  trans- 
parent. In  this  case  no  solution  has  taken  place ; 
the  magnesia  and  the  water  have  been  merely  mc 
chanically  mixed,  since  on  standing  they  mutually 
separate;  each  obeying  its  specific  grayity.  If, 
however,  to  this  turbid  mixture  a  few  drops  of 
nitric  acid  be  added,  it  will  immediately  become 
transparent,  and  the  magnesia  can  no  longer  be 
separated  by  any  mechanical  process,  because  a 
new  compound  has  been  thus  formed,  and  that 
compound  is  soluble. 
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14S.  In  ordinary  cases  the  distinction  between  So* 
lution  and  Suspension  is  so  well  marked  that  the  stu- 
dent cannot  fail  to  recognize  it,  but  in  others  it  is  not 
quite  so  unequivocal,  and  to  those  endowed  with  a 
tolerable  share  of  knowledge  it  has  even  appeared 
doubtful.  It  is  sometimes  difficult  to  pronounce  de- 
cidedly upon  the  existence  of  perfect  transparency,  but 
the  fact  o( permanency  can  neyer  deceive  us,  for  in  the 
case  of  mere  mechanical  diflusion,  although  it  may  not 
always  be  impaired  by  rest,  it  will  not  resist  the  ordeal 
of  the  filtre.  In  explanation  of  this  truth  we  may 
adduce  the  beautiful  golden-coloured  liquor  which  is 
produced  by  pouring  a  solution  of  sulphuretted  hydro- 
gen into  one  of  arsenious  acid,  and  which,  at  first 
sight,  we  should  not  hesitate  to  pronounce  a  perfect 
solution ;  but  by  rest,  or  filtration,  a  yellow  powder 
will  be  separated,  and  the  liquid  become  colourless. 
So  again,  certain  vegetable  matters,  when  difiused  in 
water,  will,  from  the  extreme  fineness  of  their  particles, 
offer  so  small  an  obstacle  to  the  passage  of  light,  as 
scarcely  to  affect  the  transparency  of  the  medium  in 
which  they  float,  but,  by  rest  or  filtration,  such  a  source 
of  fallacy  is  easily  detected.  The  medical  student  is 
earnestly  advised  to  preserve  these  distinctions  in  his 
remembrance,  as  they  will  form  the  basis  of  some  im- 
portant precepts  respecting  the  efficacy  of  certain  re- 
medies, and  the  expediency  of  some  particular  pro- 
cesses instituted  for  their  preparation. 

143.  The  term  Solution  is  not  only  applied  to  the 
result  of  the  process  just  described,  but  to  the  process 
itself;  thus,  if  common  Salt  be  thrown  into  water  it 
will  disappear,  or  undergo  the  process  of  solution, 
while  the  reiiult,  so  obtained,  is  called  a  solution  of 
that  body. 
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144.  The  process  is,  doubtless,  nothing  mord  than 
an  eflect  of  Chemical  Affinity,  exerted  between  the 
fluid  and  the  body  to  be  dissolved.*  In  chemical  lan« 
guage  the  iSuid  body  is  termed  the  Solvent^  or  Men" 
struum^f  the  solid,  the  Solvend.  This  distinction, 
however,  mnst  not  be  understood  as  conveying  the 
idea,  that  the  one  body  is  more  active  in  the  operation 
than  the  other ;  for  the  attraction  by  which  it  is  pro- 
duced is  exerted  mutually.  -     • 

145.  In  order  to  understand  perfectly  the  phceno- 
menon  in  question,  it  is  necessary  to  consider  the  solid 
body  as  under  the  influence  of  two  antagonist  forces, 
viz,  the  Cohesive  attraction  of  its  own  particles,  on  the 
one  hand,  tending  to  preserve,  it  in  a  solid  state,  and 
its  chemical  Affinity  for  the  fluid,  on  the  other,  ex- 
erting its  influence  to  bring  it  into  a  state  of  solution. 
In  proportion  to  the  relative  energies  of  these  opposing 
forces,  the  body  will  be  easy  or  difficult  of  solution ; 
and  whatever  external  circumstances  are  capable  of 
modifying  such  powers,  will  exert  a  corresponding  in- 
fluence upon  its  solubility ;  thus,  for  instance,  as  co- 
hesion is  diminished  or  overcome  by  the  processes  of 
raspingy  grinding^  pulverizing^  &c.  as  already  ex- 
plained (100),  the  Chemist  frequently  avails  himself 
of  such  expedients  to  facilitate  and  expedite  solution. 

•  We  are  indebted  to  Sir  Isaac  Newton  for  the  first  just  view 
of  the  nature  of  this  operation.  He  rejected  the  vague  explana- 
tion, which  supposed  it  to  depend  on  the  figures  of  the  particles, 
by  which  the  one  body  was  fitted  to  break  down  the  other ;  and 
ascribed  it  solely  to  an  attraction  subsisting  between  the  particles 
of  the  two  bodies,  by  which  they  were  united. 

f  Memtruum.  The  term  derives  its  origin  from  a  conceit  of 
the  older  Chemists,  that  a  mixed  body  could  not  be  completely 
dissolved  in  a  less  period  than  forty  days,  which  they  called  a 
Pkiioiopkicui  Month. 
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Ejcp.  17.— Introduce  a  lump  of  fluate  of  lime  (jFbior- 
$par)  into  concentrated  sulphuric  acid;  no  sen- 
sible action  will  take  place ;  but  reduce  the  same 
substance  to  powder,  and  bring  it  into  contact 
with  the  acid,  and  considerable  action  will  ensue* 
The  knowledge  of  this  simple  &ct  may  be  exten- 
sively applied  for  the  explanation  of  numerous 
pheenomena  in  the  animate,  as  well  as  inanimate 
kingdoms  of  nature ;  thus  will  it  explain  the  in« 
fluence  of  aggr^ation  in  modifying  the  sapidity 
of  some,  iand  the  medicinal  activity*  of  other  sub** 
stances. 

146.  Agitation  favours  solution  by  removing  finom 
the  solid  the  portion  of  the  fluid  already  saturated  with 
it,  and  bringing  a  new  portion  to  act  upon  it. 

Exp.  18. — Into  a  wine-glassful  of  water,  tinged  blue 
with  the  infusion  of  cabbage,  let  fall  a  small  lump 
of  solid  tartaric  acid.  The  acid,  if  lefl  at  rest 
even  during  some  hours,  will  only  change  to  red 
that  portion  of  the  infusion  which  is  in  immediate 
contact  with  it ;  but  stir  the  liquor,  and  the  whole 
will  immediately  become  red. 

147.  Heat,  by  diminishing  the  cohesion  of  a  solid, 
necessarily  increases  and  extends  the  operation  of  solu- 
tion; whence  hot  liquids,  generally  considered,  are 
more  powerful  solvents  than  cold  ones. 

Exp.  19.«— To  four  fluid^ounces  of  water,  at  the 
ordinary  temperature  of  the  atmosphere,  add  three 
ounces  of  sulphate  of  soda  {Glauber's  Salt)  in 
powder;  a  portion  only  will  be  dissolved;  but 
apply  heat,  and  the  whole  of  that  quantity  will 
disappear. 

♦  This  subject  has  been  very  fully  investigated  in  my  Pharma- 
coLOGiA,  Edit.  6,  p.  319. 
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148.  The  additional  quantity,  however,  so  dissolved 
will  again  separate  as  the  solution  cools,  although  there 
are  some  exceptions  to  this  general  law;  thus  cold 
Water  will  dissolve  but  a  very  minute  quantity  of  white 
arsenic,  but  if  it  be  boiled  on  that  substance,  the  solu* 
tion  when  cooled,  will  be  found  to  retain  a  more  con- 
siderable proportion. 

149.  In  some  cases  the  solubility  of  a  substance  is 
not  aflected  by  temperature,  as  in  the  instance  of  com- 
mon salt,  in  which  water  acquires  no  increase  of  its 
solvent  power  by  the  application  of  heat ;  nor  is  the 
solvent  with  respect  to  every  body  equally  promoted 
by  an  increase  of  temperature;  water,  for  example, 
will  dissolve  five,  six,  or  seven  times  more  of  some 
substances,  when  boiling,  than  when  cold ;  of  others, 
three  or  four  times;  and  so  on.  These  difl^ences 
exist  principally  with  respect  to  those  substances 
termed  salts. 

I50r  From  the  view  which  has  been  thus  taken  of 
the  pheenomenon  of  Solution,  it  will  be  readily  per- 
ceived that,  in  most  cases,  there  must  exist  some  cer- 
tain point,  at  which  the  force  of  affinity  between  the 
solid  and  fluid  will  be  balanced  by  the  cohesive  attrac- 
tion of  the  solid,  beyond  which  it  is  impossible  for 
solution  to  proceed;  this  point  is  called  Saturation^ 
and  the  resulting  compound,  a  Saturated  solution. 
This  point  of  saturation^  however,  in  any  fluid  is  very 
different  with  respect  to  different  solids ;  of  some  it  will 
dissolve  its  own  weight ;  of  others,  one  half,  or  one 
fourth ;  and  of  others,  not  more  perhaps  than  one  or 
two  hundredth  parts.  With  respect  to  some  substances, 
the  solvent  power  appears  to  be  almost  without  a  limit. 

151.  After  a  menstruum  has  been  fully  saturated 
with  one  body,  it  may  nevertheless  be  capable  of  dis- 
solving another;    and  when  saturated    even  with  a 
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second,  may  still  retain  the  power  of  dissolying  a  third ; 
but  rarely  in  such  large  quantities  as  it  would  do  were 
it  pure*  ^ 

Exp.  SO. — Saturate  a  given  portion  of  water  with 
common  salt;  taking  care  that  a  small  quantity 
remains  undissolved  at  the  bottom  of  the  vessel ; 
if  some  nitre  be  now  added,  we  shall  find  that  not 
only  this  second  body  will  be  dissolved,  but  that 
the  residual  salt  of  the  first  solution  will  also  dis- 
appear on  agitation. 

152.  The  explanation  of  this  apparent  paradox  is 
to  be  found  in  the  simple  fact,  that  new  compounds 
acquire  new  powers  as  solvents. 

153.  The  law  is  important  to  the  pharmaceutic  and 
medical  chemist,  and  admits  of  some  highly  useful  ap- 
plications in  practice.  We  are,  for  instance,  thus 
enabled  to  purify  various  salts ;  Sulphate  of  Magne- 
sia,  for  example,  as  it  usually  occurs  in  commerce,  is 
generally  contaminated  with  a  muriate  of  that  earth, 
to  remove  which  we  have  only  to  wash  the  crystals  in 
a  saturated  solution  of  the  former  salt,  which,  although 
incapable  of  dissolving  any  portion  of  them,  will  never- 
theless carry  oif  the  muriate, 

154.  lAxiviation  is  merely  solution  performed  with 
a  particular  view.  If  we  have  a  mixture  of  two  kinds 
of  matter,  one  of  which  is  soluble  in  water,  the  other 
insoluble ;  by  the  affusion  of  a  sufficient  quantity  of 
that  fluid,  the  former  will  be  dissolved,  and  the  latter 
at  length  remain  pure.  The  solution  so  obtained  is 
termed  a  JLet/. 

155.  This  operation  is  usually  performed  on  a  lai^ 
scale,  in  tubs  or  vats,  having  a  hole  near  the  bottom 
containing  a  wooden  spigot  and  faucet.      A  layer  of 
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straw  19  placed  at  the  bottom  of  the  vessel  A  B  C  D,  over 
which  the  substance  is 
spread,  and  covered  by 
a  cloth;  a^er  which  hot 
or  cold  water,  accord- 
ing as  the  salt  is  more  or 
less  soluble,  is  poured 
on.    The  water,  which 
soon  takes  up  some  of 
the  soluble  parts  of  the 
saline  body,  is  al\er  a 
short  time  drawn  off  by 
the  spigot,  E ;  and  a  fresh  portion  of  water  is  succes- 
sively added  and  drawn  off,  until  the  whole  of  the  so- 
luble matter  be  disaolved.    The  straw  in  this  operation 
acts  the  part  of  a  filtre  ;  while  the  cloth  prevents  (lie 
vrater  frooi  making  a  hollow  in  the  ingredients,  when 
it  is  poured  on,  by  which  it  might  escape  without  act- 
ing on  the  whole  of  the  ingredients. 


156,  The  vessels  usually  employed 
by  the  chemist,  in  the  operation  of 
solution,  are  small  flasks  or  matras- 
ses  (a),  the  common  Florence  flask 
is  very  convenient  for  such  piirposos, 
or  larger  vessels  (i),  termed  Boll' 
heads. 


137.  To  such  an' extent  are  the  medicinal  proper- 
ties of  a  body  dependant  upon  its  solubility,  tliat  the 
physician  may  even  adopt  the  maxim  long  since  re- 
ceived  by   the   chemist ;   viz :  "  Corpora   non  agunt 
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niH  sint  soluta ;  *'  and,  although  there  may  be  many 
exceptions  to  this  general  proposition,  yet  they  will  be 
found  neither  more  numerous,  nor  more  inexplicable 
than  those  which  limit  the  chemical  acceptation  of  the 
same  axiom. 

1 58.  The  phailmaceu  tical  operations  of  Maceration ; 
Digestion ;  Infusion  \  DecoctioH^  &c.  are  merely  pro- 
cesses of  solution,  adapted  to  the  particular  nature  of 
the  body  to  be  dissolved,  and  to  the  objects  for  which 
it  is  performed. 

159.  Maceration  is  an  operation  which  is  chiefly 
performed  on  vegetable  matter,  by  which  .the  soluble 
parts  are  dissolved  by  steeping  them  in  cold  water^  or. 
in  a  spirituous  menstruum.  It  is  frequently  useful  in 
preparing  bodies  for  the  operations  of  infusion  and  de- 
coction, which  are  always  rendered  more  effective  by 
the  previous  maceration  of  the  materials. 

160.  Digestion  is  similar  to  maceration,  exc^t 
that  a  gentle  heat  is  employed  to  aid  the  solvent  power 
of  the  fluid.  The  process  is  usually  conducted  in  a 
glass  matrass,  and  the  evaporation  of  the  liquid  im- 
peded by  stopping  the  mouth  of  the  vessel  slightly  with 
a  plug  of  tow,  or  by  tying  over  it  a  slip  of  wet  bladder 
perforated  with  small  holes.  Where  the  menstruum  is 
of  value,  such  as  alcohol,  a  long  open  glass  tube  may  be 
affixed  to  the  mouth  of  the  matrass  ;  by  which  means 
any  part  of  the  liquid,  resolved  into  steam  by  the  heat, 
will  be  condensed,  and  returned  into  the  vessel  con- 
taining the  materials.  Tlie  matrass  may  bb  heated 
either  by  a  common  fire,  or  through  the  medium  of 
water  {a  water  hath)  or  sand  {a  sand  bath). 

161.  Infusion.  The  object  of  this  operation  is  to 
extract  from  vegetable  matter  such  principles  as  would 
be  lost  or  changed  by  digestion  or  decoction,  or  such 
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aOy  from  their  extreme  solubility^  are  reiulily  isepatated. 
jSee  Infitsaj  Pharmaeologia,  Vol,  ii. 

162.  Decoction^  or  boiling,  is  intended  to  answer 
the  same  purpose  as  infusion^  but  in  a  more  extended 
degree.    See  DecoctOy  Pharmacologia,  Vol,  ii. 

163*  Although  it  has  been  shewn  in  the  preceding 
pages,  that  the  cohesive  attraction  is  overcome  by  the 
opposing  force  of  Chemical  Affinity  ;  still  it  must  not 
be  considered  that  this  power  is  wholly  annihilated  by 
it ;  for  it  continues  to  exist,  and  is  constantly  tending 
to  reunite  the  particles  which  are  dissolved,  and  to  re* 
store  their  aggregation  ;  for,  no  sooner  is  a  portion  of 
the  8<Jvent  removed  by  evaporation,  than  they  become 
■approximated,  and  are  again  brought  within  the  limits 
of  their  mutual  attraction,  when  they  reunite,  and  the 
solid  reappears. 

164.  The  fluid  menstruum  may  be  either  removed 
by  spontaneous  evaporation,  occasioned  by  the  simple 
exposure  of  a  considerable  surface  to  the  atmosphere ; 
or  by  that  which  is  produced  by  the  application  of  heat« 
For  this  purpose,  basins,  or  evaporating  dishes  of  bis- 
cuit porcelain,  made  by  Wedgewood,  are  usually  em« 
ployed ;  and  which  are  flat-bottomed,  shallow  vessels, 
of  such  a  figure  as  to  present  a  wide  surface  to  the  air.* 

165.  If  the  solid  matter  thus  recovered  from  a  so- 
lution, be  of  a  vegetable  nature  it  is  termed  an  Ex' 
tractj  and  the  process  is  termed  Inspissaiion ;  whereas 
saline  bodies,  so  obtained,  assume  regular  forms  deno* 
minated  crystals,  and  the  process  in  that  case  is  called 

Crj/stallization. 

•  ■  — 

*  For  chemical  experiments,  very  good  evaporating  dishes  may 
be  made  of  the  bottoms  of  broken  flasks,  retorts,  &c.  which  may  be 
cut  round  and  smooth,  by  means  of  a  hot  iron  or  ring  of  wire,  or 
by  tying  a  piece  of  string  moistened  with  spirit  of  turpentine,  and 
then  inflaming  it.  Watch  glasses  will  also  furnish  a  very  conve- 
nient lipparatus  for  such  pur|>oses. 
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•  166*  Ab  the  fluid,  Mebich  is  dissipated  during  th^ 
process  of  evaporation,  is  entirely  lost,  and  sacrificed 
for  the  sake  of  the  fixed  substance  \rith  which  it  is 
combined-,  evaporation  is  only  employed  iii  th6  cases 
where  the  liquid  is  but  of  little  value,  buch  as  water; 
but  where  a  solid  is  to  be  recovered  firom  a  more  valu- 
able liquid,  as  alcohol,  fo^  instance,  a  process  termed 
Distillation^  is  instituted,  whereby  the  chemist  is  en- 
abled to  carry  on  his  operation  in  close  vessels,  so  as  to 
collect  the  fluid  that  is  volatilized,  and  to  preserve  it 
without  loss* 

'  167.  For  the  accomplishment  of  this  object  various 
forms  of  apparatus  have  been  contrived.  The  com- 
mon Stilly  as  here  represented,  is  the  one  more  gene- 
rally employed  for  the  preparation  of  spirits,  distilled 
waters,  &c. 


*rhis  apparatus  consists  of  the  following  parts.    The 
Boiler^  6,  the  body  of  which.  A,  is  partly  sunk  in  the 
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fiumace ;  a,, the  head  or  capilaly  from  the  top  of  ti^hich 
rises  the  curved  pipe,  Cy  which  enters  the  spiral  tube^ 
or  wormy  placed  in  a  tub  of  cold  water,  B,  termed  the 
Refrigeratory.  The  Still  is  usually  constructed  of 
copper,  but  the  worm  is  oi  pewter.  The  body,  head, 
and  wonn  require  to  be  luted*  together,  in  order  to 

'  '       ■■■ii«iii  I  ■  ■       III    II        I       I        iiiiiii         iiirf 

*  Lutes,  or  Cements,  are  used  either  to  close  the  joinings  of 
chemiciil  vessels,  to  prevent  the  estepe  of  vapours  or  gases  $  or, 
to  protect  vessels  from  the  action  of  the  fire  which  might  otherr 
wise  crack,  fuse,  oi'  calcine  them.  In  this  latter  case  the  opera- 
tion is  termed  loricaHan,  or  coating.  To  prevent  the  escape  of 
the  vapours  of  water,  spirit,  and  liquors  not  corrosive,  the  simple 
application  of  slips  of  moistened  bladder  will  answer  well  for 
glass;  and  paper  with  good  paste  for  metal.  Bladder  to  be  very 
adhesive  should  be  soaked  some  time  in  water  moderately  warm, 
till  H  feds  clammy ;  it  then  sticks  very  well ;  but,  if  it  be  smeared 
with  white  of  egg,  instead  of  water,  ft  will  adhere  still  closer. 

There  is  a  great  variety  of  receipts  for  the  composition  of  Lute^; 
all  of  which  are  referable  to  one  of  the  three  following  classes,  viz, 

I.  Vnetuaus  and  Resinous  Lutes, — 1.  Melt  eight  parts  of  bee^ 
wax  with  one  of  turpentine,  and  according  as  it  may  be  required 
to  be  more  or  less  consistent  or  plmble,  add  different  proportions 
of  common  powdered  fosin,  and  some  brick-dust.  This  Liite 
adheres  very  closely  to  glass,  and  is  not  easily  penetrated  by  acrid 
Tapours ;  it  has  the  advantage  also  of  bfeing  very  plastic  and  ma- 
nageable ;  but  it  cannot  sustain  a  heat  above  140°. — 2.  Melt  ^r- 
maceti,  and  while  it  is  hot,  throw  in  bits  of  caoutchouc.  This  is  an 
excellent  lute  where  much  heat  is  not  employed. — ^3.  A  solution  of 
diell-lac  in  alcohol,  added  to  a  solution  of  isinglass  in  proof  spirit, 
forms  a  cement  that  will  resist  moisture. — 4.  The  lute  best  calcu- 
lated for  confining  acid  vapours  for  any  length  of  time  is  termed 
the  Fat  lutej  and  is  made  by  taking  any  quantity  of  tobacco-pipe 
clay,  thoroughly  dry,  but  not  bitrnt,  powdering  it  in  an  iron 
mortar,  mixing  it  gradually  with  drying  linseed  oil,  and  then 
beating  them  together  for  a  long  time  to  the  consistence  of  thick 
paste.  Much  manual  labour  is  required,  and  it  should  be  con^- 
tinned  until  the  mass  no  longer  adheres  to  the  pestle.  The  edges 
of  the  glass  or  vessel,  to  which  it  is  to  be  applied,  should  be  pcr- 
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prevent  the  escape  of  luiy  portion  of  the  volatile  pro- 
duct. The  substances  to  be  acted  upon,  having  been 
introduced  into  the  boiler,  and  submitted  to  heat,  are 
soon  volatilized,  and  raised  into  the  headj  whence  they 
pass  into  the  ix>orm^  where  they  are  condensed,  and 
issue  in  drops  from  the  lower  end  of  the  pipe  d.  By  de- 
grees the  water  in  the  refrigeratory  becomes  warm,  and 
requires  to  be  replaced  \}y  a  fresh  portion ;  and  thence 

fectly  dry.  Good  glazier^s  putty,  which  is  made  of  chalk,  heat 
dp  with  drying  linseed  oil,  much  resembles  the  fat  lute  in  quality. 

II.  MueUagit$ous  and  GdaUnom  Lutet. —  1.  Linseed  meali 
kneaded  jip  with  water  to  a  sufficient  consistence,  and  i4^pUed 
tolerably  thick  over  the  joinings  of  the  vessels;  or  Almond  meal, 
fireated  in  a  similar  way,  form  very  convenient  lutes,  which  dry 
and  becdme  firm  in  a  short  time.-^S.  Smear  slips  of  liuen  on  both 
sides  with  white  of  ^g,  then  apply  these  neatly  to  the  joinings, 
and  when  applied  shake  loosely  over  them  some  finely  powdered 
quick-lime.  Th'is  lute  dries  speedily,  is  extremely  hard  and 
cohesive,  impervious  to  water,  and  impenetrable  by  most  kinds 
of  v^pdui*. 

III.  Earthy  Lulei, — These  are  intended  for  operations  which 
require  a  high  temperature. —  1.  Mix  burnt  gypsum  (flaUter  rf 
Paris)  in  powder,  with  water  to  the  consistence  of  a  thick  cream, 
and  apply  it  immediately.  This  forms  a  lute  which  sets  as  soon 
as  it  is  applied,  and  is  firm ;  but  a  slight  blow  will  easily  crack  it. 
8.  A  very  valuable  fire  lute  may  be  made  of  about  one  part  of 
glass  of  boi'ax,  five  parts  of  brick-dust,  and  five  parts  of  clay, 
finely  powdered  together,  and  mixed  with  a  little  water  when  used. 

In  every  instance,  where  a  lute  or  coating  is  applied,  it  is  ad* 
viseable  to  allow  it  to  dry  before  the  operation  is  commenced ; 
and  even  the/ai  lute,  by  exposure  to  the  air  during  one  or  two 
days  afler  its  application,  is  much  improved  in  firmness.  The 
clay  and  sand  lute  is  perfectly  useless,  except  it  be  previously 
quite  dry.  In  applying  a  lute,  the  part  immediately  over  the 
juncture  should  swell  outwards,  and  its  diameter  should  be  gra- 
dually diminished  on  each  side,  as  may  be  seen  in  the  figure 
representing  the  distillation  of  Nitric  acid,  where  the  luting  is 
shewn  applied  to  the  joining  of  the  retort  and  receiver. 
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the  necessity  of  the  tub  bemg  furnished  with  a  stop- 
cock,  by  which  the  heated  water  may  be  drawii  off, 
without  disturbing  the  apparatus. 

168.  Prom  the  above  description  it  will  appear  evi- 
dent, that  the  common  still  can  never  be  employed  for 
the  volatilization  of  substances  that  act  on  copper,  or 
other  metals ;  on  such  occasions  a  glass  vessel  termed 
an  Alembic^  *  has  been  frequently  used,  and  is  repre* 
sented  by  the  accompanying  sketch.     It  consists  of 

two  parts  ;  the* 
body,  6,  for  con^ 
taining  the  mate- 
rials, and  the  head 
a,  by  which  the 
vapour  is  conden- 
sed, and  from 
which  it  is  carried 
by  a  pipe  into  a 
receiver  c.  It  will 
be  perceived  that 
the  head  is  of  a 
conical  figure,  and  has  its  external  circumference  or 
base  depressed  lower  than  its  neck,  so  that  the  va^ 
pours  which  rise,  and  are  condensed  against  its  sides, 

*  The  Alendiic  appean  to  h^ve  been  the  most  ancieot  form  of: 
a  dirtilliiig  apparatus.  Both  Dioscorides  and  Pliny  meatipn  thp 
ofiflii  (^Ambix)  which  is  described  by  the  hitter  of  these  writers, 
as  a  hemispherical  iron  cover,  luted  upon  the  earthen  pots  in 
which  Mercury  was  procured  by  the  distillation  of  Cinnabar^ 
it  is,  however,  probable  that  the  Ambix  was  in  the  time  of  Pliny 
a  mere  plain  Still,  witboot  any  beak  or  gutter,  since  he  mentiow 
the  mercury  being  wiped  off  in  small  drop^  firfom  the  inside  of  the . 
vessel,  the  necessity  of  which  manipulation  wpuld  be  superseded 
by  the  invention  of  a  beak.  The  Alchemists  having  adopted  this 
iastniment,  prefixed  the  Aiabian  article  a/  to  its  name,  and  made 
ceostdenUe  alterations  in  its  form. 
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run  down  into  the  circulair  channel  formed  by  its  de- 
pressed part,  from  whence  they  are  conveyed  by  the 
hose  or  beak  into  the  receiving  vessel.  The  charac- 
teristic difference  then  between  an  Alembic  and  a  Still 
is  in  the  construction  of  the  head  or  capital,  which  in 
the  former  is  contrived  not  merely  to  collect,  but  to 
condense  the  vapour ;  whereas,  the  corresponding  part 
of  the  latter  serves  only  to  collect  the  vapour,  which 
is  transmitted  in  an  dastic  state  through  the  beak, 
and  condensed  in  the  worm. 

169.  In  the  English  *  laboratories  the  use  of  the 
Alembic  is  now  almost  superseded  by  that  of  the  Re- 
tort and  Receiver,  whose  construction  and  applications 
we  have  next  to  consider. 

170.  The  Retort  is  a  bottle  with  a  long  neck,  so 
bent  as  to  make  with  the  belly  an  angle  of  about  sixty 

degreed.  From 
this  form  it  has 
probably  derived 
its  name.  The 
most  capacious 
part  of  the  vessel 
is  termed  its  belly ;  its  upper  part  is  called  an  arch 
or  roof  I  and  the  bent  part,  the  neck.  A  Retort  may 
be  either  plain,  as  represented  above,  or  stoppered,  as 
shewn  in  the  following  figure,  in  this  latter  case  it  is 
said  to  be  tubulated. 

'  171.  To  the  Retort,  a  Receiver  is  a  necessary  ap^ 
pendage;  and  this  may  either  be  plain,  as  engraved 
below  {c)  or  tubulated.  To  some  a  pipe  is  added,  as 
may  be  seen  in  the  figure  representing  the  apparatus 
for  the  distillation  of  Nitric  acid.    Such  a  receiver  is 

]»rincipally  useful  for  enabling  us  to  remove  the  dis- 

■'      ■  ■  ■         --  ■  -  -    ,      . 

*  On  the  Contineati  espocinlly  in  France,  the  Alembic  con- 
tinues to  be  the  favourite  vessel  for  distillations  in  thejar^e  waju^ 
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tilled  liquid,  at  different  periods  of  the  process^  and  19 
termed  a  quilled  receiver. 

172.  In  order  to  fiuuli^ate  the  condoisation  of  the 
Viqpour,  the  neck  of  the  retort  is  occasionally  lengthened 
by  an  intermedia^,  tube  (b)  termed  an  Adopter^  the 
wider  end  of  which  slips  over  the  retort  neck,  while  its 
narrow  extremity  is  admitted  into  the  mouth  of  the  ret* 
ceiver^  as  here  exhibited* 


*  173i  For  the  convenient  introduction  of  the  liquid 
into  the  retort  several  instruments  have  been'contrived. 
When  it  is  to  be  added  at  distant  intervals  during  the 
process^  the  best  contrivance  is  the  one  here  exhibited, 
kTI  which  consits  of  a  bent  tube,  n,  with  a 

funnel  at  the  upper  end.    When  the 
whole  is  to  be  introduced  at  once,  it  is 
_^^  either  done  through  the  tubulure  by 

y  the  common  funnel ;  or,  if  into  a  plain 

retort,  through  a  funnel  of  a  construc<v 
tion  similar  to  the  one  here  represented; 


which  will  enable  the  operator  to  pour 
in  the  liquid  without  touching  the  inside  of  the  retort 
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heck,  vdiich  by  being  soiled  would  Qontaminate  the 
result  of  the  process. 

174.  Retorts  afe  made  of  earthenware,  and  of  green, 
or  of  white  glass,  according  to  the  operations  for  which' 
thiey  are  destined.  They  are  also  heated  in  serend 
different  modes.  When  the  vessel  is  of  earthenware, 
tfnd  the  snbstance  to  be  distilled  requires  a  strong  heat- 
to  raise  it  into  vapour,  the  naked  fire  is  applied.  Glasss' 
retorts  are  usually  placed  in  heated  sand ;  and,  when 
of  a  small  size,  the  flame  of  an  argand  lamp,  cautiously 
regulated,  may  be  very  safely  used.  If  the  nature  of 
the  operation  be  such  as  to  require  a  glass  vessel,  and 
a  high  temperature,  the  retort  must  be  coated.* 

175.  In  many  processes,  a  large  proportion  of  the 
extricated  matter  is  partly  condensable  into  a  liquid 
and  partly  a  gas,  which  is  not  condensed  without  the 
presence  of  a  considerable  proportion  of  water.  Unless 
therefore,  some  means  were  provided  either  to'  efifect 
tihis  coi^densatioa^  or  to  allow  the  escape  of  the  gas, 
the  appai^us  WQuld  necessarily  be  burst  in  pieces, 
Tp  preymt  such  an  accident,  a  small  opening  wa^ 
fi^nerally  left,  either  in  the  joinings  of  the  vessels,  or 
m  the  receiver,  which  could  be  kept  shut,  and  occa- 

•  For  this  purpose  a  mixture  of  moLst  commoa  clay,  or  loam» 
with  s^d,  and  cut  shreds  of  tow  or  flax,  may  be  employed.  'The 
foflowing  is  the  mode  of  applying  i^  Aftef  kneadmg  the  coating 
jnaterial, .  so  as  to  render  it  very  plastic,  let  it.be  spread  out  on  )i 
fia^  table,  and  lay  the  bottom  of  the  retort  in  the  middle  ot  die 
n^BS ;  then  turn  up  the  edges  of  the  cake,  so  as  to  bring  it  rom&d 
this  whole  of  the  vessel,  presnng  it  down  in  every  part  with  the 
finger^,  until  it  applies  uniformly  and  closely.  Jf  the  distillation 
be  performed  by  a  sand  heat,  the  coating  need  not  be  applied 
higher  than  that  part  of  the  retort  which  is  bedded  in  sand  \  but 
if  the  process  be  performed  in  a  furnace  the  whole  body  of  the 
f  ^rt,  and  that  part  of  the  ne^k  also  ^hi^h  is  exposed  to  the  fire, 
must  be  carefully  coated. 
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sionally  opened  when  the  quanlity  of  confined  vapour 
was  supposed  to  be  such  as  might  endanger  the  rupture- 
of  the  vessels.  By  this  contrivance,  however,  much 
condensable  vapour  necesssarily  escaped,  and  a  lai^ 
proportion  of  the  products  of  the  distiUaUon  was  loet. 
This  defect  of  the  old  ^jparatua  was  first  attempted  to- 
be  remedied  by  Glauber,  whose  plan  was  improved  by 
Woulfe,  the  inventor  of  the  apparatus  here  represented, 
and  which  still  bears  his  name. 

176.     It  consists  of  a  series  of  receiving  vessels  con- 
taining water. 


The  first  receiver  (ft)  has  a  right  angled  glass  tube, 
open  at  both  ends,  fixed  into  its  tnbulure ;  and  the 
other  extremity  of  the  tube  is  made  to  terminate  be- 
neath the  siirface  of  distilled  water,  contained,  as  high 
as  the  horizontal  dotted  line  in  the  three-necked  bot- 
tle, (c).  From  another  neck  of  this  bottle,  a  second 
pipe  proceeds,  which  ends,  like  the  first,  under  water, 
contained  in  a  second  bottle  (a  ).  To  the  central  neck 
a  straight  tube,  open  at  both  ends  is  fixed,  so  that  its 
lower  end  may  be  a  little  beneath  the  suiJace  of  the 
liquid.  Of  these  bottles  any  number  may  be  emi^oyed 
that  is  thought  necessary.    The  malerifds  being  intro- 
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duced  into  the  retort^  the  arrangement  completed,  and. 
tha  joints  secured,  the  distillation  is  qommenced.  The 
condensable  vapour  collects  in  a  liquid  form  in  the 
balloon  hy  while  the  involved  gas  passes  through  the 
bent  tube,  beneath  the  surface  of  the  wa^er  in  c,  which 
i^pntinues  to  absorb  it  till  saturated.  When  the  water 
of  the  first  bottle  can  absorb  no  more,  the  gas  passes, 
i^ncondensed,  through  the  second,  right-angled  tube, 
into  the  water  of  the  second  bottle,  which  in  its  torn 
becomes  saturated.  Any  gas  that  may  be  produced, 
which  is  not  absorbable  by  water,  escapes  through  the 
bent  tube  e,  and  may  be  collected,  if  necessary.  The 
use  of  the  perpendicular  tubes  in  the  middle  necks  is 
to  prevent  the  interruption  of  the  process  by  an  acci- 
dent, which  would  perpetually  occur  without  such  a 
contrivance;  for  if,  in  consequence  of  a  diminished 
temperature,  an  absorption  or  condensation  of  gas 
should  take  place  in  the  retort,  and  of  course  in  the 
balloon  ft,  it  must  necessarily  ensue  that  the  water  of 
the  bottles  e  and  a,  would  be  forced  by  the  pressure  of 
the  atmosphere,  into  the  balloon,  and  possibly  into  the 
retort,  which  might  cause  a  dangerous  explosion ;  * 
but,  with  the  addition  of  the  central  tubes,  a  sufficient 
quantity  of  air  would,  under  such  circumstances,  rush 
through  them  to  supply  any  accidental  vacuum.  This 
inconvenience,  however,  is  still  more  easily  obviated 
by  Welther^s  tube  of  Safett/^  which  supersedes  the 
necessity  of  three  necked  bottles^ 

♦  * 

*  This  transfer  of  a  liquid  from  one  vessel  to  anotheir,  in  con- 
sequence of  the  forniatjori  of  jin  imperfect  vacuum,  is  termed  ab^ 
BorpUon,  and  ts  highly  annoying  to  the  inexperienced  operator. 
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177.  The  apparatiiB  being  thus  adjusted,  as  shewn 
by  the  ahove  figure^  a  small  quantity  of  water  or  mer« 
CU179  is  poured'  into  the  funnel,  so  as  to  about  half 
fin  the  ball.  When  any  absorption  happens,  the  fluid 
vises  in  the  ball,  till  none  remains  in  the  tube,  when  a 
quantity  of  air  inmiediately  rushes  in  and  supplies  the 
partial  vacuum  in  c*  On  the  other  hand  no  gas  caii 
escape,  imder  ordinary  circumstances;  because  any 
pressure  firom  within  is  instantly  followed  by  the  for* 
maiion  of  a  high  column  of  liquid  in  the  perpendicu* 
horpart,  which  resists  the  egress  of  gas. 

178.  V^  useful  modifications  of  this  apparatus 
have  been  contrived  by  Mr.  Pepys,  ♦  Mr.  Knight,  t 
Dr.  Murray, :(  Dr.  Hamilton,  and  Mr.  Burkitt.  || 
There  is  also -an  American  invention  for  the  same  pur* 


'  *  Philosophical  Mag«iuie,  vol.  xx. 
f  Nicholsoii*fl  Joumal,  vol.  iii. 

« 

^  Mamy's  Chemistry,  and  Hamilton's  Translation  of  Berthot- 
Ict  on  Dyeing. 

I  Nicholbon^s  Joivnal,  4to.  voL  v.  349, 
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pose,  which  has  considerable  merit.  +    The  arrange- 
ment by  Mr.  Pepys  is  represented  in  the  annexed  figure. 


The  receiver  b  is  surmounted  by  a  vessel  c  accurately 
ground  to  It,  and  furnished  with  a  glass  valve,  which 
allows  gas  to  pass  jfreely  into  the  vessel  c,  but  prevents 
the  water  which  c  contains  from  falling  into  the  re^ 
reiver  b. 

179.  Rectification*  This  is  the  repeated  distilla« 
tion  of  any  distilled  product  when  it  is  not  perfectly 
pure.  This  second  operation  is  conducted  at  a  lower 
temperature,  so  that  the  more  volatile  parts  only  are 
raised,  and  carried  over  into  the  receiver,  leaving  the 
impurities  behind. 

180.  Dephhgmation  or  Concentration.  The  pro-. 
cess  of  rectification  is  distinguished  by  these  terms, 
when  the  fluid  is  simply  rendered  stronger  by  the  ope- 
ration, as  in  the  case  of  alcohol,  by  bringing  pver  the 
spirit,  and  leaving  the  superfluous  water. 

181.  Abstraction  is  a  term  employed  to  denote  that 
the  liquid  is  redistilled  .off  frQm  some  firesh  substance ; 
as  for  instance  in  the  rectification  of  acetic  acid,  wh^e 
Barytes  is  introduced  into  the  still,  in  order  to  remove 
any  sulphuric  acid  that  may  be  present. 

f  Quarterly  Journal  oF  Science,  vol.  viii.  384. 
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'  182.  Cohobaiion  is  a  name  given  to  rectification-, 
wben  the  product  is  redistilled  from  a  fresh  parcel  of 
the  same  materials. 

183.  By  the  process  of  evaporation  then, .  under 
,which  subject  we  have  included  the  history  of  Distilla- 
tion, the  fluid  part  of  a  solution  may  be  driven  off,  and 
separated  from  the  fixed  matter  with  which  it  was 
combined.  We  have  next  to  consider  under  what 
circumstances,  and  in  what  forms,  the  solid  constituent 
may  be  recovered. 

184.  It  must  be  distinctly  understood  that,  although 
in  the  process  of  solution,  the  cohesive  attraction  is 
overcome  by  the  counteracting  and  superior  power  of 
chemical  affinity,  it  is  nevertheless  not  extinguished, 
.but  constantly  manifesting  its  existence  by  tending  to 
•reunite  the  particles  so  dissolved ;  for  no  sooner  is  a 
portion  of  the  menstruum  removed  by  evaporation,  or 
by  other  means  to  be  hereafter  described,  than  the  par- 
ticles reunite,  and  the  solid  reappears.  In  the  accom- 
plishment of  this  e£fect,  the  particles  of  certain  bodies^ 
as  if  actuated  by  a  species  of  polarity,  assemble  in 
•groups  of  a  determinate  figure,  while  others  aggr^ate 
in  confused  masses. 

185.  The  process,  by  which  the  particles  of  a  body 
are  enabled  to  arrange  themselves  into  determinate 
forms,  is  termed  Crystallization  ;  while  the  regular 
4>odies  so  produced  are  called  Crystals* 

186.  To  impart  freedom  of  motion  to  the  particles 
of  a  solid  body,  we  must  confer  upon  it  either  the 
liquid,  or  aeriform  condition ;  and  it  is  equally  evident 
that,  in  order  to  allow  such  particles  to  arrange  them- 
selves with  regularity,  or  to  crystallizcy  the  body  must 
be  allowed  to  return  to  its  solid  form  slowly,  and  with- 
out disturbance  or  interruption. 

187.  Solution  and  Fusion  are  the  means  by  which 
'the  body  is  rendered  fluid ;  evaporation  and  slow  cool- 
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ing,  or  a  gradad  abetraction  of  the  soWent  by  the  actaon 
of  chemical  affinity,  are  those  by  which  it  is  made  to 
crystallize. 

188.  In  some  cases^  heat  at  once  annuls  the  cohesive 
ibrce,  and  the  substance  is  converted  into  vapour, 
which  on  being  slowly  condensed,  will  assume  a  regu- 
lar crystalline  form;  it  is  thus  that  Benzoic  acid* 
damphor;  Arsenic;  Iodine^  and  various  other  solids 
U^  be  hereafter  examined,  are  made  to  assume  the  form 
of  regular  crystals ;   {see  Sublimation). 

18d*  It  has  been  ascertained  by  observation  and 
experiment,  that  every  substance,  in  crystallizing,  has 
a  tendency  to  assume  a  particular  geometric  figure; 
thus,  common  salt  crystallizes  in  cubes ;  Epsom  salt, 
in  four*8ided  prisms;  Alum,  in  octohedrons;  and  so 
on.  To  the  mineralogist  and  chemist,  therefore,  an 
intimate  acquaintance  with  the  crystalline  forms  and 
modifications  of  natural  bodies  is  a  subject  of  the 
highest  importance,  as  enabling  them  to  ascertain, 
directly,  that  which,  independent  of  such  aids,  could 
only  be  arrived  at  by  indirect  and  circuitous  processes^ 
Crystals  to  the  mineralogist  are  what  flowers  are  to  the 
botanist,  by  which  the  former  is  enabled  to  deduce  the 
chemical  nature  of  a  mineral  from  its  mechanical  figure, 
just  as  the  latter  pronounces  from  the  structure  of  the 
corolla  the  class  and  order  of  the  plant  to  which  it 
belongs.  The  accomplishment  of  such  an  end,  how^ 
•ever,  involves  more  extensive  knowledge  than  a  mere 
acquaintance  with  the  external  form  under  inspection, 
for  the  figures  of  crystals  are  liable  to  be  altered  by  the 
influence  of  various  circumstances  upon  the  crystal- 
lining  process ;  and  hence  the  geometric  forms  which 
•the  same  substances  present  will  ofien  bear  little  or  no 
apparent  resemblance  to  each  other ;  and  yet,  great  as 
these  diversities  of  figure  may  appear  on  a  superficial 
view,  they  will  be  foui>d  capable  of  being  resolved  into 
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a  small  number  of  simple  forms  which,  for  each  indi« 
▼idual^'WiU  be  always  the  same.  The  consideration  of 
the  geometric  principles  upon  which  such  phssnomena 
depend,  and  the  explanation  of  the  production  of  the 
irariety  of  secondari/  forms,  with  which  Nature  and  Art 
have  alike  furnished  us,  constitute  a  peculiar  and  elabo- 
rate  branch  of  science  termed  Crystallography,* 
the  elucidation  of  which  would  be  wholly  incompati- 
ble with  the  plan  and  objects  of  an  elementary  work ; 
it  is  only  necessary  to  state,  that  there  are  not  more 
than  six  primitive  forms,  and  that  the  secondary  crys- 
tals are  supposed  to  arise  from  decrements  of  particles 
taking  place  on  different  edges  and  angles  of  the  for- 
mer. Thus  a  cube,  haying  a  series  of  decreasing  layers 
of  cubic  particles  upon  each  of  its  six  faces  will  become 
a  dodecaedron,  if  the  decrement  be  upon  its  edges ;  but 
an  octoedron,  if  upon  the  angles ;  and  by  irregular, 
intermediate,  and  mixed  decrements^  an  infinite  variety 
of  secondaiy  forms  would  ensue. 

190%  There  are  two  methods  by  which  the  primary 
form  of  a  crystal  may  be  obtained ; — ^by  mechanical 
force,  applied  in  the  direction  of  its  layers,  which  is 
termed  by  the  mineralogist  Cleavage j  +  and  by  the 

*  In  Pharmacy  a  knowfedge  of  Crystallography  is  turned  to 
>  very  valuahle  account,  in  estimating  the  purity  i>f  our  saline  me- 
dicmes;  and  Mr.  Phillips  has.  rendered  the  profession  an  im- 
portant service,  by  the  introduction  of  figures,  illustrative  of  their 
crystalline  forms,  in  his  excellent  translation  of  the  London  Phar- 
macoposia. 

To  those  who  are  desirous  of  cultivating  this  branch  of  sci- 
ence, a  work  lately  published  by  H.  James  Urooke,  Esq.  entitled 

•  **  A  FAMILUa  iHTaODDCTlON  TO  CRYSTALLOGRAPHY,"  is  Strongly 

recommended . 

■ 

t  It  had  been  long  known  to  jewellers  and  lapidaries,  that  every 
crystal  may,  by  means  of  proper  instruments,  be  split  in  certain 
directions,  so  as  to  present  plane  and  smooth  surfaces  (  while  if 
split  in  other  directions,  the  fracture  is  rugged,  and  the  rao-c 
effect  of  violence,  instead  of  being  guided  b^  the  natural  joining 
of  a  crystal.  This  simple  fact  has  proved  m  the  hands  of  Abbe 
Hauy,  a  key  to  the  whole  theory  of  crystallization. 
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action  of  fluid  raenBtrua,  by  which  its  atmctuie  is  gra- 
dually developed  by  the  procesa  of  solution.      The 
ibrmer,  however,  is  the  method  usueJly  adc^>ted  by  ibe 
mineralogist ;  the  latter  ought  perh^M  to  b^  r^arded 
as  a  subject  rather  of  speculative  interest,  than  (^  pnu> 
■tictd  utility.     We  are  indebted  lo  Mr.  Danidt  for  a 
knowledge  of  the  pbsnomena  which  it  presents,  and 
which  he  has  illustrated  by  many  beautiful  and  stuis- 
fuctory  experiments.     A  shapeless  mass  of  alum,  Sar 
instance,  weighing  about  1500  grains,  being  immersed 
in  15  ounce  measures  of  water,  and  set  by,  in  a  quiet 
place,  for  a  period  of  three  or  four  weeks,  will  be 
found  to  have  been  more  dissolved  towards  the  u[q>er 
than  tlie  lower  part,  and  to  have  assumed  a  pyramidal 
form.     On  further  examination  the  sur&ce  of  the  mass 
will  be  found  to  have 
been  unequally  acted 
upon   by   the    fluid, 
and  will  present  the 
form  of  octohedrons, 
and  sections  of  octb- 
hedrons,  carved,  as  it 
were,   in   high  rdief 
and    of   various   di- 
mensions,  as    repre-- 
sented  in  the  annex- 
ed   figuK.       Borax, 
thus  treated,  will  in 
the    course    of    six 
weeks  exhibit  eight- 
sided  prisms  with  va- 
rious    terminations ; 
and  other  salts  may 
be    made    lo    unfold 
(1  the  Arm,  vul.  i.  S4. 
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their  external  structure  by  the  same  slow  agency  of 
water.  The  carbonates  of  lime,  strontia,  and  baryta^ 
will  give  also  distinct  results,  when  acted  upon  by 
weak  acids ;  and  even  amorphous  masses  of  those 
metals^  which  have  a  tendency  to  assume  a  crystalline 
form,  such  as  bismuth,  antimony,  and  nickel,  when  ex- 
posed to  very  dilute  nitric  acid,  present,  at  the  end  of 
a  few  days,  distinct  crystalline  forms.  Mr.  Faraday 
also  found  that  a  large  crystal  of  sulpburet  of  anti- 
mony, when  introduced  into  a  portion  of  fused  sul- 
phuret,  began  to  melt  down,  but  not  uniformly,  crys- 
tals more  than  half  an  inch  in  length  being  left  pro- 
jecting from  it,  and  thus  affording  an  admirable  illus- 
tration of  Mr.  Daniel's  mode  of  displaying  crystalline 
texture. 

We  may  now  proceed  to  consider  the  artificial  pro- 
cess of  crystallization  in  its  practical  connection  with, 
the  objects  of  pharmacy. 

191.  It  will  follow  from  what  has  been  already 
stated,  that,  in  order  to  obtain  well  formed  ci^stals 
from  saline  solutions  three  essential  circumstances 
are  required ;  viz.  Timcj  SpcLce^  and  Repose.  By  time 
the  superabundant  fluid  is  slowly  dissipated,  so  as  to 
allow  the  particles  of  the  salt  to  approach  each  other 
by  insensible  degrees,  and  without  any  sudden  shock  ; 
in  which  case  they  unite  according  to  their  constant 
laws,  and  form  a  regular  crystal ;  indeed  it  is  a  general 
rule,  that  the  slower  the  formation  of  a  crystal  the 
more  perfect  will  be  its  form ;  the  larger,  its  size ;  and 
the  harder  and  more  transparent,  its  texture;  while, 
on  •the  contrary,  too  speedy  an  abstraction  of  the  sepa- 
rating fluid  will  force  the  particles  to  come  together 
suddenly,  and,  as  it  were,  by  the  first  faces  that  offer ; 
in  which  case  the  crystallization  is  irregular,  and  the 
figure  of  the  crystal  indeterminate ;  and,  if  the  abstrac- 
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tion  be  altogetHer  sadden,  the  body  will  ever  fbrm  ft 
concrete  mass  with  scarcely  a  Testige  of  crystalline  ap- 
pearance. Spaccj  or  sufficient  latitude  for  motion,  is 
also  a  very  necessary  condition ;  for,  if  Nature  be  re- 
strained in  her  operations,  the  products  of  her  labour 
will  exhibit  marks  of  constraint.  A  state  of  repose  in 
the  fluid  is  absolutely  necessary  for  obtaining  regular 
forms ;  all  symmetrical  arrangement  is  opposed  by  agi- 
tation, and  a  crop  of  crystals  obtained  under  such 
circumstances  would  necessarily  be  confused  and  irre- 
gulsir. 

19S.  The  whole  art  of  crjrstalliztng  substances  is 
founded  upon  these  obvious  truths,  as  will  be  fully 
illustrated  in  the  sequel ;  although  on  many  occasions, 
to  ensure  perfect  success  a  certain  address  is  required 
in  the  manipulation,  which  has  enabled  particular  ma- 
nufacturers to  produce  articles  very  superior  to  ordi- 
nary specimens. 

193.  Intheactof  separating  from  the  water  in  which 
they  were  dissolved,  the  crystals  of  almost  every  salt 
carry  with  them  a  quantity  of  water,  which  is  essential 
to  the  regularity  of  their  form,  as  well- as  to  their  trans- 
parency and  density,  and  which  cannot  be  expelled 
without  reducing  them  to  shapeless  masses.  It  is  termed 
their  water  ofCrj/stallization^  and  its  proportion  will  be 
found  to  vary  very  essentially  in  the  different  salts ;  in 
some  instances  constituting  more  than  half  their  weight, 
as  in  the  case  of  sulphate  of  soda,  carbonate  of  soda, 
nitrate  of  ammonia,  &c.  while  in  others  it  is  extremely 
small ;  and  yet,  however  it  may  differ  in  different  salts, 
it  always  bears,  in  the  same  salt,  the  same  definite  ratio 
to  the  solid  saline  matter ;  thus  in  crystallized  bicar- 
bonate of  potass,  (Potassas  Carbonas.  p.  l.)  to  eveiy 
three  proportionals  of  salt  there  is  one  of  water;  while 
in  the  carbonate  of  soda  (Sodcs  Sub»carbonas.  P.  L.) 
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to  every  two  proportionals  of  salt  there  are  eleven  of 
water.  This  water  appears  to  be  in  a  state  of  combi* 
nation  with  the  salt,  and  not  simply  interposed  between 
its  laminae. 

194.  Where  the  water  of  crystallization  exists  in  a 
large  proportion,  and  the  solability  of  the  salt  is  greatly 
increased  by  elevation  of  temperature,  the  application 
of  heat  is  often  sufik^ient  to  liquify  the  crystals,  pro- 
ducing what  is  termed  Watery  fusion* 

195.  The  water  of  crystallization  is  retailed  in  dif- 
ferent salts  with  very  difierent  degrees  of  force.  Some 
crjrstals  lose  it  by  mere  exposure  to  the  atmosphere, 
in  consequence  of  which  they  pass  into  the  state  of  a 
dry  powder,  and  are  said  to  effloresce  ;*  while  others, 
on  die  contrary,  not  only  retain  it  very  strongly^  but 
even  attract  more ;  and,  on  exposure  to  the  atmos- 
phere, become  liquid,  or  deliquesce. 

196.  The  means  by  which  a  solution  is^  made  to  sur« 
render  its  saline  charge  in  a  crystalline  form  are  twofold, 
VIS.  by  Rbfriqeration  and  Evaporation  ;  and 
since  the  manner  and  degree  in  which  such  processes 
are  to  be  directed  must,  in  each  case,  depend  upon  the 
connection  which  subsists  between  solubility  and  tem- 
perature, it  will  be  convenient  to  consider  the  subject 

under  these  relations. 

> 

Case  I.    In  which  the  solubility  of  the  Salt 

IS  INCREASED  BY  HeAT. 

197.  When  the  salt  to  be  crystallized  is  considerably 
more  soluble  in  hot  than  in  cold  water,  as  sulphate  of 

*  This  circuiflstance  is  very  aDooying  to  the  collectors  of  crys- 
tds ;  snch  as  are  liable  to  this  chaoge  should  be  preserved  ia  jars 
coBtaining  a  portion  of  irater;  or,  where  the  salt  is  not  acted 
upon  by  oil,  the  crystals  may  be  effectually  defended  by  merely 
SBcarittg  their  surfaces  with  that  substaace. 

H  S 
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Boda,  nitrate  of  |H)tas8)  &c.  it  i»  only  necessary  to  satu^ 
rate  hot  water  with  it,  and  to  set  it  aside  to  tool ;  by 
.which  we  shall  obtain  a  considerable  croip  of  crystaki 
It  might,  indeed,  have  been  readily  anticipated,  th&t  a 
salt  of  this  kind  would  under  such  circumstances  easily 
crystallize,  for  since  it  ceases  to  be  equally  soluble  in 
water,  of  which  the  temperature  is  diminished,  that 
portion  of  it  which  owed  its  solubility  to  heat  must 
necessarily  separate  as  the  liquor  cools ;  and  when  this 
is  effected,  the  solvent  will  only  retain  such  a  quantity 
as  cold  water  would  dissolve.  In  conducting  this  pro* 
cess,  however,  the  refrigeration  of  the  fluid  ought  to  be 
gradual,  for  the  more  slowly  the  water  cools,  the  more 
regular  will  be  the  crystals  obtained,  as  the  saline  par* 
ticles  will  thus,  with  greater  certainty,  be  made  to  ap- 
proach each  other  by  those  faces  which  are  most  suit- 
able  (191)  ;  whereas,  if  the  boiling  solution  be  sud- 
denly cooled,  it  will  let  fall,  in  a  shapeless  mass,  all 
the  exces  of  salt  that  was  dissolved  by  the  agency  of 
heat.  Ii  will  be  expedient,  therefore,  to  place  the  so- 
lution, while  very  hot,  on  a  sand  bath,  or  in  a  warm 
place,  and  to  lower  its  temperature  by  slow  degrees ; 
the  vessel  should,  at  ^e  same  time,  be  covered  with  a 
cloth  to  prevent  the  access  of  cold  air.  After  the  solu- 
tion is  perfectly  cold,  and  all  the  excess  of  crystalline 
matter  is  separated,  the  residual  liquor  may  be  treated 
as  directed  in  the  following  case. 


Case  II.  In  which  the  soi^ubilitv  of  the  Salt 

IS  NOT  INCREASED  BT  HeAT. 

108.  If  we  have  a  saturated  solution  of  a  salt  which 
is  not  more  soluble  in  hot  than  in  cold  water,  it  is  evi- 
dent that  refrigeration  will  not  advance  its  crystalliza* 
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tioii.  In  such  a  case  we  must  proceed  to  abstract  a 
portion  of:  the  iDanstruom ;  and  this  may  be  accom- 
plished in  two  wfiys,  viz. 

A.     Bi/ evaporation  through  the  agency  of  Heat. 

199.  In  common  cases,  all  that  will  be  required  is 
to  continue  the  process  of  evaporation,  until  a  drop  of 
the  solution  when  placed  upon  a  cold  body  shews  a 
disposition  to  .crystallize;  or,  at  farthest,  until  we  ob* 
serve  a  thin  film  of  saline  matter,  called  a  JPellicle^ 
creeping  over  the  surface  of  the  liquid ;  a  phaenomenon 
which  indicates  that  the  attraction  of  the  saline  par- 
ticles for  each  other,  is  becoming  superior  to  their  at*- 
traction  for  the  water ;  and  that  the  solution,  therefore, 
when  left  undisturbed,  will  crystallize.*  After  the  first 
crop  of  crystals  has  been  thus  made  to  separate,  the 
•evaporation  may  be  repeated,  and  another  crop  ob- 
tained, and  so  on,  until  by  a  succession  of  evaporations 
and  coolings,  the  greatest  part  of  the  saline  charge  is 
surrendered  in  a  crystalline  state. 

SOO.  If  the  crystallizable  salt  be  perfectly  pure,  the 
whole  of  its  solution  may  be  thus  crystallized ;  but  it 
often  happens  that,  if  two  or  more  salts  exist  in  the 
same  menstruum,  after  crystals  have  been  obtained  by 
several  evaporations  and  coolings,  the  remaining  por- 
tion of  the  fluid,  although  saturated  with  saline  matter, 
will  nevertheless  refuse  to  crystallize ;  in  which  state  it 
is  technically  denominated  wio^Aer  water. 

201.  This  occurs  where  both  of  the  salts  have  only 
a  tfight  tendency  to  crystallize,  and  are  of  nearly  equal 
solubility,  suqh,  for  instance,  as  Nitrate  of  soda,  and 

*  In  some  cases  the  operator  derives  his  indication  from  the 
specific  gravity  of  the  solution  under  treatment,  as  already  ex- 
plained (86). 
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Sulphate  of  6oda ;  vrhereafi,  if  the  two  salts  be  endowed 
with  a  strong  degree  of  crystalline  power,  and  possess, 
moreover,  different  ratios  of  sohibiltty,  as  in  the  case  of 
Nitrate  of  potass,  and  Sulphate  of  potass,  they  may  be 
readily  removed  by  crystallisBation,  without  leaving  any 
mother  water, 

908.  The  above  process  affords  a  convenient  mode 
of  separating  salts,  which  coexist  in*  the  some  solution ; 
for  on  carefiiUy  reducing  the  quantity  of  the  solvent  by 
evaporation,  the  salt  whose  particles  have  the  greatest 
cohesion  will  crystallize  first*  If  both  salts  are  more 
soluble  in  hot  than  in  cold  water,  the  crystals  will  not 
appear  till  the  liquid  cools.  But  if  one  of  them,  like 
common  salt,  is  equally  soluble  in  hot  and  in  cold 
water,  crystals  will  appear,  even  dtiring  the  act  of  eva^ 
poration.  In  this  way  we  may  completely  separate 
nitre  from  common  salt,  the  crystals  of  the  latter  being 
formed  during  evaporation ;  while  those  of  nitre  do 
not  appear  till  some  time  after  the  fluid  has  cooled. 

SOS.  In  some  cases,  the  affinity  of  a  salt  for  its 
solvent  is  so  great,  that  it  will  not  separate  from  it  in 
the  form  of  crystals ;  but  will  yet  crystallize  from  ano- 
ther fluid,  which  is  capable  of  dissolving  it,  and  for 
which  it  has  a  weaker  affinity;  thus,  for  instance, 
potass  cannot  be  made  to  crystallize  from  its  watery 
solution,  but  will  yet  separate,  in  a  regular  form,  from 
its  solution  in  alcohol. 

* 

B.     Bi/  spontaneous  Evaporation. 

S04.  For  this  purpose,  we  must  expose  the  saline 
solution  to  the  temperature  of  the  atmosphere,  in  ves- 
sels having  a  considerable  extent  of  surface,  and  slightly 
covered  with  fine  paper,  or  gauze,  which  may  prevent 
any  dust  from  failing  into  the  liquor,  without  opposing 
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the  progsem  of  evaporation.  For  this  operation,  it  will 
j^  adv«(itfigeo^8,  to  select  a  gepajcate  chamber  well  ven- 
.cU<iCed,  and  sufficiently  light  (215).  The  solution  is 
ihnaleft  fxpooed  to  the  air,  till  crystals  are  perceived 
in  it,  which  semetimes  will  not  take  place  in  less  than 
lour,  five,,  or  six  weeks,  or,  with  some,  salts,  for  even  a 
still  longer  periods  This  is  by  far  the  most  successful 
and  certain  of  all  the  processes  for  obtaining  perfect 
crystals  of  considerable  size,  and  is  that  which  ought 
always  to  be  preferred  where  time  and  circumstance 
will  allow  the  election* 

S05*  After  the  operation,  however,  has  continued 
for  some  time  in  progi^ess,  the  active  vigilance  of  the 
operator  becomes  necessary ;  for  when  the  quantity  of 
salt  held  in  solution  becomes  much  diminished,  the 
liquid  will  begin  to  act  upon  the  separated  crystals, 
and  to  re-dissolve  them.  The  action  is,  at  first,  percep- 
tible on  their  angles  and  edges ;  they  become  blunted, 
and  gradually  lose  their  shape  altogether*  Whenever 
this  operation  commences,  the  liquid  must  be  poured 
off,  and  a  fresh  portion  of  the  solution  substituted, 
otherwise  the  crystals  will  be  infallibly  destroyed. 

S06»  The  student  may  exempilify  these  facts  by  the 
foUowing  simple  and  striking  cpLperiment* 

Exp.  21. — Introduce  a  fully  saturated  solution  of 
common  salt*  into  a  medicine  phial  of  four  ounces, 
so  as  to  occupy  about  two-thirds  of  it,  and  cover 
its  mouth  loosely  with  a  piece  of  filtering  paper ; 
then  place  it  upon  a  shelf  exposed  to  light  (815), 
In  the  course  of  a  fortnight,  a  cube  of  salt  will  be 


*  As  common  culinary  salt  usually  contains  a  portion  of  ma* 
riate  of  magnesia,  it  will  be  necessary  to  remove  this  foreign  in- 
fredtent,  by  precipitating  it  from  the  solution  by  carbonate  of 
soila,  and  then  to  filter  the  liquid. 
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dislinguished  at  the  bottom  of  the  phial,  ^diick 
will  gradually  augment  in  mse,  until  it  attains  a 
certain  magnitude,  when,  if  attentively  watched, 
its  angles  will  be  observed  to  become  less  acute^ 
and  the  crystal  will  gradually  lose  its  figure. 

207.  There  is  yet  to  be  mentioned  another  mode, 
by  which  evaporation  may  be  accomplished  ;  but,  ex- 
cept for  philosophical  objects,  I  am  not  aware  that  it 
has  ever  been  applied  for  the  purpose  of  crystallization. 
It  consists  in  exposing  the  solution,  in  a  capsule  of 
glass,  to  the  absorbing  action  of  Sulphuric  acid,  under 
the  receiver  of  the  air-pump.  A  process  which  will  be 
better  understood  when  we  come  to  treat  of  Mr.  Leslie's 
elegant  method  of  producing  artificial  congelation. 
We  may  next  proceed  to  examine  the  external  and 
contingent  circumstances  which  are  capable  of  influ- 
encing the  formation  of  crystals. 


a.     The  form  of  the  Vessel. 

208.  The  shape  of  the  evaporating  dish  pixiduces  a 
considerable  variety  in  the  figure  and  mode  of  concre- 
tion ;  for,  since  crystals  extend  themselves  more  in  a 
horizontal,  than  in  a  vertical  direction,  it  is  evident 
that  by  attaching  themselves  to  the  oblique,  irregular, 
and  uneven  sides  of  the  vessels  they  must  always  be- 
come more  or  lets  irregular.  The  circumstance  of  crys- 
tals extendii^  more  rapidly  at  the  bottom  of  a  tall 
vessel  than  nearer  the  surface,  will  admit  of  a  simple 
explanation  from  the  fact  of  the  integrant  particles 
beiqg  denser  than  the  solution  ficcHU  which  they  are 
separated,  falling  down,  and  m  augmeiuiiy  by  thair 
continual  accretion  ibe  crjfvtab  below. 
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b*.   The  presence  of  sovne  Jwrefgm  body  nMck 
may  act  asM^nueteus.'  .  .  > 

^  •      ■  ^        •  •  • 

S09.  To  prevent  the  crystals  from  fM&ering  to  the 
sides  of  the  vessel  containing  the  solution^  some  sub-» 
stance,  such  as  pieces  of  thready  string,  or  wood, 
are  usually  introduced,  for  the  purpose  of  collecting 
them.  In  this  case  the  crystals  are  precipitated  on  the 
threads,  and  as  the  surface  thus  presented  has  very 
little  extent,  they  have  commonly  the  greatest  regu- 
larity of  figure  ;  it  is  thus  that  we  meet  with  well 
fomred  crystals  of  sugar-candy,  verdigris,  &c.  in  the 
diflferent  shops,  on  strings  and  sticks.  The  student 
may  satisfy  himself  of  the  value  of  such  an  expedient 
by  the  following  experiment.  ... 


Take  a  cold  saturated  solution  of  any  crys- 
tallizable  salt,  pour  it  into. a  capdcious  jar, 
and  suspend  in  it  a  line  of  silk,  orborde  luiir, 
attached  on  its  upper  part  to  a  piece  of  cork 
that  will  floaD  on  the  surface  of  the  liqidd,  and 
steadied  by  a  shoi  affixed  to  the  other  extre- 
mity; as. exhibited  in  the  annexed  figurie.  In 
a  short  time  the  line  will  become  studded  with 
well  .defined  crystals. 


210.  This  property  of  crystals,  to  deposit  themselves 
around  a  nucleus,  has^  of  late,  been  frequently  illus- 
trated by  placing  various  bodies  in  saline  solutions,  by 
which  they  become  so  studded  with  crystals  as  to  re- 
semble natural  productions  of  great  rarity  and  beauty. 

SlI.  But  a  still  more  eflectud  way  of  inducing  re- 
gular crystalliacation  is  to  immerse  in  the  solution  a 
crystal  of  the  same  kind,  which  by  becoming,  as  it 
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were,  a  rail  jing  point  for  all  the  particles,  considerably 
Mddemles  tfe  process  .of  ajjgrcgi^oii.  And  it  is  more- 
over stated  tliat,  if  tb^  be  two  nits  in  solution,  that 
one  will  most  readily  separate,  of  which  the  crystal  has 
beien  iitttoduced^ 


c.    The  influence  of  atmospheric  pressure. 

!2lS.  That  the  excess  of  air  may  exert  an  important 
ihflfuence  on  the  prqcess  of  crystallization  is,  at  once, 
rendered  evident  by  the  following  interesting  experir 
n](ent« 

Ej^p.  22^'^Vtepese  a  cpnc^^trat^  sedation  of  Glau- 
ber's sal^  by  adding  portions  of  it  gradjqaUy  to 
water  kept  boiling,  unUl  this  fluid  will  dissolve  nb 
more.*  Pour  the  solution  while  boiling  hot  into 
comftkon  phifds,  previously  warmed,  and  immedi- 
.aiely  cork  them,  or  tie  slips  of  wlstted  bladder  over 
theijr:  orifices,  so  as  to  exdudethe  access  of  com- 
teon  air  firom  the  solution/  This  being  done,  set 
1^  iAiUds  by  ih  a  quiet  place,  without  agitation. 
The  solution  wiU  now  cool  to  tbe  temperature  of 
the  Idr,  and  renuun  pdrfecfly  fluid,  but  the  moment 
the  cork  has  b^to-drawn^  or  ijie  bladder  punc- 
tured, and  atmospheric  air  is  admitted,  it  begins 
to  crystallize  on  its  upper  surface,  the  crystalliza- 
tion shoots  downwards  in  a  few  seconds,  like  a 
den^e  white  cloudy  and  so  much  heat  becomes 
evolved,  as  to  make  the  phial  very  sensibly  waxm 
to  the  hand4  .When  the  crystallization  is  ac- 
complished, the  whole  mass  is  so  completely  soli- 
dified, that,  on  inverting  the  phial,  not  a  drop  of 

*  An  ounce  and  a  half  of  water  will  thus  dissolve  twp  ounces 
«f  salt. 


and  Agilctioh^  ch'cf^sidl^aium. 

it  falls  6tit*  The  student  however  will  remark^ 
tlat  its  crystalline  stittctote  is  very  confused  in 
consequence  of  the  rapidity  with  which  it  took 
place  (191).  Should  the  ^t  not  crystallice  im* 
mediately  on  the  admission  of'  air,  it  wiB  be  only 
necessary  to  produce  a  sfighft  Station  inthe  fluid 
(S14)  to  insure  the  result. 

S13.  The  phsenomenon  is  i^isrplained  by  Dr.  l!i(urray* 
in  the  following  mannen  When  the  saturated  solution 
<^  the  salt  is  enclosed  in  the  vessd^  and  the  pressure  of 
the  atmosphere  is  excluded^  the  pitf  ticks  in  soluf ioii 
may  be  conceived  as  placed  at  digtaauaea  tod  great  to 
admit  of  the  attraction  of  odhesion  being  asserted^  flo 
as  to  cause  them  to  unite  and  cryBtallize*  But  when 
the  pressure  of  the  air^  or  any  equivalent  jnessure,  is 
bjKKight  to  act  on  the  Burfiu»  of  the  fluids  its  particles^ 
as  weU  as  the  particles  of  the  solid  contained  in  it^  are 
forced  nearer  to  each  other;  the  distances  between 
them  are  lessened,;  the  attraction  of  cohesion  is  exerted, 
and  the  crystallization  commences*  The  small  crystals 
-that  are  thus  formed  at  the  surface,  affi>rd  solid  points, 
from  which  other  crystals  are  formed;  and  this  pro*> 
ceeds  rapidly  through  the  whole  fluid. 

rf.     The  effect  ofAgitationr 

*  214.  The  absence  of  external  motion  has  been  stated 
(191)  to  be  essential  to  the  production  of  perfect  crys*- 
tals ;  there  are,  however,  certain  cases  in  which  the 
process  may  be  promoted  by  exciting  a  slight  tremulous 
motion  in  the  fluid,  such  as  may  be  communicated  by 
striking  lightly,  with  the  bottom  of  the  vessel,  the  table 
upon  which  it  rests.     We  may  conceive  that  agitation 

f  System  of  Chemistry,  vol.  1.  p.  87. 
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not  only  can  assist  the  saline  particles  in  disengaging 
tl^emselves  from  the  aqueous  ones,  which  may.  still 
pppose  a  smfdl  obstacle  to  their  union,  but  we  may 
imagine  tha^  they  can  occasion,  at  the  same  time,  such 
motions  a»  will  lead  to  those  ppsitions  which  give  the 
grea^t  advantage  to  crystalline  attraction,* 


€.    The  effect  of  Light. 

f 

915.  That  the  process  of  crystallization  is  influenced 
by  light,  is  at  once  rendered  evident  by  the  appearance 
of  crystals  in  the  bottles  of  druggists,  when  placed  in 
the  window,  and  which  are  always  most  copious  upon 
the  surface  exposed  to  light.  If  we  place  a  solution 
of  nitre  in  a  room  which  has  the  light  only  admitted 
through  a  small  hole  in  the  windoW'^shutter,  crystals 
will,  form  most  abundantly  upon  the  side  of  the  basin 
exposed  to  the  aperture  through  which  the  light  enters ; 
and  Chaptal  found  t  that  by  using  a  solution  of  a 
metallic  salt,  and  shading  the  greater  part  of  the  vessel 
with  black  silk,  capillary  crystals  shoot  up  the  un- 
covered side,  and  that  the  extent  of  the  exposed  part 
is  distinctly  marked  by  the  limit  of  the  crystallization. 

316.  The  phaenomenon,  termed  Saline  Vegetation^ 
has  been  also  shewn  by  Chaptal  t  to  depend  upon  the 
influence  of  light.  It  consists  in  the  creeping  up  of  the 
salt  around  the  edge  of  the  vessel,  and  is  very  em- 
harrassing  tp  the  operator,  since  it  has  been  found  that^ 
when  this  operation  is  sufiered  to  proceed,  the  sponr 

*  It  is  well  l^QOwn  that  in  calm  weather,  water  may  be  reduced 
severM  degrees  below  32**,  without  being  frozen ;  but,  by  the  least 
agitation,  as  bv  that  occasioned  by  a  slight  breeze,  a  crust  of 
ICC  will  form  immediately  on  its  surface. 

f  Journal  de  Physique,  T.  iv.  p.  300. 
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taneous  eTaporation  of  the  fluid  affords  very  few  crys* 
tak  ;  all  the  saline  matter  having  extended  itself  Qvef 
the  sides  of  the  vessel.  The  easiest  mode  of  ptev^ting 
this  occurrence  is  to  smear  the  edge  of  the  vessel  with 
a  little  sweet  oil. 

/•     The  effect  of  Electricity . 

S17.  To  a  peculiar  electrical  state  of  the  atmosphere 
the  operator  has  often  attributed  his  want  of  success  in 
a  crystallizing  process.  It  has  been  repeatedly  observed 
that  saline  solutions  which  have  not  yielded  crystals, 
after  having  been  sufficiently  concentrated,  and  left 
to  undisturbed  repose  for  many  days,  have  suddenly 
deposited  an  abundant  crop,  during,  or  immediately 
after,  a  thunder-storm. 

218.  Having  thus  enumerated  the  principal  circum^ 
stances  by  which  the  process  of  crystallization  is  liable 
to  be  disturbed,  we  may  here  introduce  to  the  notice 
of  the  practical  chemist  some  account  of  the  method 
proposed  by  Le  Blanc,  *  for  obtaining  perjfect  crystals 
of  almost  any  size.  The  process  is  as  follows  ;*— Let 
the  salt  to  be  crystallized  be  dissolved  in  water ;  con- 
centrate the  solution  slowly  by  evaporation,  to  such  a 
degree  that  it  shall  crystallize  on  cc>oling,  which  may 
be  known  by  suffering  a  drop  of  it  to  cool  on  a,  plate 
of  glass,  or  other  substance.  This  being  done,  let  the 
solution  be  put  aside,  and  when  perfectly  cold,  pour  off 
the  liquid  portion  from  the  mass  of  crystals  at  the 
bottom,  and  put  it  into  a  flat-bottomed  vessel.  After 
having  stood  for  some  days,  solitary  crystals  will  be 
performed.  This  having  been  accomplished,  crystals 
will  begirt  to  form  at  some  distance  from  each  other, 
which  gradually  increase  in  size ;  select  the  most  regu- 

•  Journal  dc  Physique,  T.  iv.  p.  300. 
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lair  of  tliese,  and  place  them  in  a  flat-bottmned  Teasel 
at  some  distance  from  each  other,  and  pour  oyer  them 
a  quantity  of  the  concentrated  liquid  obtained  by  eva- 
porating a  solution  of  the  salt,  till  it  crystallizes  on 
cooling.  Alter  the  position  of  eyery  crystal  once  at 
least  eyery  day,  with  a  glass  rod,  that  all  the  faces  may 
be  alternately  exposed  to  the  action  of  the  liquid ;  for 
the  side  on  which  the  crystal  rests,  or  is  in  contact  with 
the  vessel,  never  receives  any  increment.  The  crystals 
will  thus  gradually  increase  in  size.  When  they  have 
arrived  at  such  a  magnitude  that  their  figure  can  be 
easily  distinguished,  let  the  most  perfect  of  them  be 
selected,  or  those  haying  the  exact  form  which  we  are 
desirous  of  obtaining ;  and  put  them  separately  in  a 
yessel  filled  with  a  portion  of  the  same  liquid,  and  let 
them  be. turned,  in  the  manner  directed,  several  times 
a-day.  By  these  means  they  may  ultimately  be  ob- 
tained of  almost  any  magnitude  we  may  desire.  In 
the  advanced  stage  of  the  process,  for  reasons  already 
explained  (205),  we  must  carefully  watch  their  pro- 
gress, or  they  will  be  entirely  demolished. 

S19.  From  the  view  which  has  been  just  taken  of 
the  subject  of  Crystallization,  it  will  appear  that 
the  structure  of  crystals  bears  no  resemblance  whatever 
to  organization.  Nothing  can  be  more  different  than 
the  increase  or  accretion  of  a  crystal,  and  the  growth 
of  an  organic  being;*  the  one  takes  place  by  the  mere 
juxta-position  of  new  particles,  mechanically  or  che- 
mically applied  to  its  exterior  surface;  whereas  the 
other  increases  in  dimension  by  appropriating  difierent 

*  Some  physiologists  of  the  French  and  German  schools  have 
maintained  a  different  opinion,  hut  it  may  be  traced  to  the  erro- 
neous definition  of  Linnieus,  who  has  said  '*  a  Mineral  grows ; 
a  Vegetable  growB  and  Hves ;  and  an  Animal  growsy  Hvety  and 
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msleriiiiS'fQr  its  eubeistAiice.  At  tiie  saome  time  it  wouU 
be  too  much  to  afl9ert,  that  theM  i»  no  formatiDn  in  ch^ 
animal  body  which  derives  any  assistance  from  th^ 
operatioii  qf  U^ose  affinif^s,  whiph  bestow  iaa^Ise  npon 
tba  particles  of.inaniEoate  matter.* 


S90.  The  student  haiing  learnt  the  nature' of  that 
species  of  attraction,  by  which  two  bodies  of  a  diflSerent 
nature  combine  with  each  other,  so  as  to  ^ose  their 
individuality,  and  to  produce  a  compound  'with,  new 
characters,  we  are  now  prepared  to  conduct  him  one 
step  farther  in  the  inquiry,  and  to  demonstrate  the  im- 

•  *  «  >  • 

*  In  the  formatton  of  bone,  for  instance,  although  it  may  be 
BOBt  agreeable  to  the  laws  of  the  animal  GBconomy  tomqj^osethat 
tbe  minute  arteries  potsr  out  Ike  eartbjr  matter  froai  their  esrtrcs- 
mities,  jetv  as  Dr.  Bo$tocV  justly  olraerves*  .tbere  ane  soaie  citf 
cumstances  respecting  tbe  mechanical  mode  in  which  tbe  opera- 
tion is  effected,  which  it  is  not  easy  to  reconcile  to  this  supposi^ 
tibn.  We  may  conceive  that  fi^om  some  unknown  cause,  the 
arteries  of  certain  parts  of  the  cartilage  acquire  a  disposition  16 
depoaitlhe  earthy  matter  which  they  eoirtain  4  yet  how  ean  these 
dcpositimis  acquira  the  particular  form  which  they  ediibiti^  ykfS 
do  not  seem  to  follow  the  direction  of  the  arteries  which  accooi*> 
pany  them  in  their  eourse*  hut  they  sometimes  assume  the  radiated 
structure,  branching  off*  from  a  common  centre  (  or,  at  other 
times,  compose  masses  of  parallel  lines,  shooting  out  in  a  course 
contrary  to  that  of  the  vessels  which  are  supposed  to  carry  tiie 
materials  for  their  formation.  If*  adds  Dr.  Bostoek,  we  might 
be  permitted  to  indulge  a  coojectare  upon  the  subject,  it  would 
aeem  as  if  certain  portions  of  the  cartilage  acquired  an  affinity  for 
the  earthy  matter,  and  that,  when  the  deposit  began  to  be  formed, 
it  received  accessions  of  new  matter  in  consequence  of  the  affinity 
between  the  particles  of  the  phosphate  of  lime  producing  a  species 
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pQrtmii  truth  that  ^  aUr actions  e^gerted  hjfo^f  iedgf 
towardt  dthers,  are  different  in  their  force  with  resped 
to  each. . 

Exp.  23. — ^Mix  together  equal  weights  of  magnesia 
and  of  quicklime,  in  fine  powder,  and  add  diluted 
nitric  acid.  After  some  hours,  it  will  be  found 
that  a  considerable  part  of  the  lime  has  been  dis- 
solved, but  that  the  whole  of  the  magnesia  has  re- 
mained untouched.  Hence  it  is  clear  that  nitric 
acid  has  a  stronger  attraction  for  lime,  than  for 
magnesia* 

231.  In  such  a  case  the  nitric  acid  has  been  meta- 
phorically represented  as  making  an  election,  whence 
this  species  of  Affinity  is  denominated  £/ec^ti7e  Affinity. 

222.  Upon  the  discovery  of  this  important  law,  it 
occurred  to  Greoffiroy,  a  French  chemist,  that  tables 
might  be  constructed,  which  should  exhibit  the  relative 
forces  of  attraction  of  any  body  towards  others.  These 
have  been  since  extended  to  such  a  degree  as  to  com- 
prehend the  greater  part  of  the  combinations  and  de- 
compositions in  chemistry.  The  substance,  whose  af- 
iGMiities  are  to  be  thus  expressed,  is  merely  placed  at 
the  head  of  a  column,  separated  from  the  rest  by  a 
horizontal  line.  Beneath  this  line  are  arranged  the 
diflferent  substances  for  which  it  has  any  attraction,  in 
an  order  corresponding  with  that  of  their  respective 
forces  of  affinity ;  the  substance  which  it  attracts  most 
powerfully  being  placed  nearest  to  it,  and  that  for 
which  it  has  the  least  affinity,  at  the  bottom  of  the 
column.  The  following  series  exhibiting  the  affinities 
of  Muriatic  acid  for  the  alkalies,  and  alkaline  earths,^ 
may  serve  as  an  example. 


.'* 


table  of  Affinities.  'l29 


MtntiATic  Acfo! 


Baryta* 

Potass. 

Soda. 

Lime. 

Ammonia. 
Magnesia. ' 

823.  In  consequence  of  the  same  body  thus  uniting 
with  others,  with  different  degrees  of  force,  we  are 
enabled  to  decompose  a  compound  by  adding  any  sub- 
stance which  has-  an  attraction  to  one  of  them  superior 
to  that  by  which  they  were  held  united.  The  two 
bocfies,  between  which  there  is  the  strongest  attraction, 
combine,  and  the  third  is  separated.  This  may  be 
easily  demonstrated  by  a  modification  of  the  last  ex- 
periment, viz. 

'  Esp.  84. — ^Heat  together,  in  a  flask,  nitric  acid,  and 
magnesia;  these  substances  will  combine,  and  a 
nitrate  of  magnesia  result ;  at  the  same  time,  make 
a  solution  of  lime  in  water,  by  agitating  some 
powdered  quick-lime  in  distilled  water.  Let  the 
solution  of  lime  be  poured  into  that  of  magnesia, 
when  a  white  powder,  will  separate,  and  gradually 
fall  to  the  bottom  of  the  vessel.  This  powder  is 
found  to  be  magnesia,  which  is  thus  disunited 
from  nitric  acid,  in  ccoisequence  of  the  stronger 
attraction  of  lime  for  that  acid. 

SS4.  The  following  series  of  experiments,  which 
the  student  may  easily  perform,  aire  admirably  calcu- 
lated to  afi>id  a  farther  illustration  of  this  law  of  elec- 
tive jiffinity.  .    .* 
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Esp.  25. — Dissolve  pure  silver  in  nitric  acid,  or 
make  a  solution  of  oitr^te  of  silver  in  distilled 
water.  To  this  add  mercury,  which  will  be  im- 
mediately dissolved,  and  the  silver  disengaged* 
The  supernatant  fluid  will  then  be  a  solution  of 
mercury  in  nitric  acid^ 

Exp.  86. — ^To  the  above  solution  of  mercury  in  nitric 
acid,  present  a  piece  of  sheet  lead ;  the  latter  metal 
will  be  dissolved,  and  the  mercury  become  dis* 
engaged.  The  fluid  will  then  be  a  solution  of 
had  in  nkric  acid, 

Exp.  27.-^If  in  this  solution  of  lead,  a  (bin  alioe  of 
copper  be  suspended,  the  copper  will  be  dissolv^d^ 
and  the  lead  become  disengaged.    The  fluid  now 
is  a  solution  of  copper  in  nitric  acid*. 

Exp.  88. — In  this  solution  of  copper,  let  a  ihia  sheei 
of  iron  be  immersed ;  in  a  short  time  the  ison  will 
disappeajp,  and  be  replaced  by  metallic  copper, 
and  we  have  now  a  solution  of  iron  in  nitric  add^ 

Exp.  89. — ^Let  a  piece  of  zinc  be  neoct  pt^^nted  to 
the  solution  ;  the  irofi  will  be  thUs  sqpapatedj  and 
the  SMC  remain  in  s0luiii>u» 

Exp^  SO. — ^To  the  zinc  solution,  we  may  now  add 
ammonia,  ^diich  will  instantly  combine  with  the 
nitric  acid,  and  the  zinc  be  thus  scpamted  %  the 
solution  will  in  this  case^alone  contain  wUrate  of 
ammonia, 

Exp.  31. — -Into  this  solution  of  nitrate  of  ammonia 
pour  some  lime«-water,  the  ammonia  will  be  in- 
stantly disengaged  (manifesting  itself  by  a  pungent 
edour)  and  th^  solution  will  be  nitrate  qflime. 

' .  jEap.,Si. — If  to  this  solution  we  add  ojLalic  acid,  tbe 
lime  will  be  precipitated,  and  what  now  remains. 
^U  be  merely  nitric  acid..  ^ 
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We  shall  oflfer  one  more  esti^rimeM  in  illustradon 
of  the  present  subject. 

Esp.  33. — Add  to  common  writing  ink  a  few  drops 
of  nitric  acid ;  its  blackness  will  instantly  disap-* 
pear.  Into  this  colourless  liquid  drop  a  small 
quantity  of  potash  in  solution,  and  the  blackness 
will  be  restored.  Writing  ink  owes  its  hue  to  a 
compound  of  iron  and  gallic  acid ;  upon  the  ad- 
dition of  the  nitric  acid,  the  iron  forsakes  the 
gallic  acid,  for  which  it  has  a  weaker  affinity,  and 
a  nitrate  of  that  metal  is  produced ;  no  sooner, 
however,  is  the  potass  presented  to  the  solution 
than  it  carries  off  the  nitric  acid,  and  the  iron 
thus  abandoned  returns  to  its  former  associate^ 
the  gallic  acid. 

S85.  When  a  body  ia  liberated  from  a  compound 
by  the  agency  of  elective  afliiity,  it  may  either  pass  of 
in  the  state  of  gas,  as  in  experiment  90,  or  remain  in 
flolution,*  or  be  separated  as  an  insoluble  body;  in 
which  latter  case  it  is  said  to  be  precipitated^  the 
substance  employed  to  produce  the  decomposition  is 
termed  the  Precipitant^  while  the  fluid  which  remains 
after  the  operation  is  called  the  super'n^Uant  liqupr* 

886.  In  those  cases  where  the  developed  constituent 
assumes  an  elastic  form,  it  must  be  obtained  through 
the  medium  of  a  distilling  apparatus  connected  with 
Woulfe's  bottles,  as  already  explained  <  176),  or  by 
means  of  a  kydro^pneumaiic  trough^  as  will  be  here- 
after described. 

*  It  b  essential  to  impress  this  fact  upon  the  mind  of  .the  me- 
dical student;  for  a  popular  opinkm  has  esusted,  that  no  change 
of  qualities  caa  occor,  upon  admixture,  unless  precipltatioB  Uk^ 
pHiee^  see  Phsrmacolo^ia,  Edit.  6.  vol.  1.  p.  349. 
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S97.  As  PrecipitatiQn  is  an  operation  of  the  higliesC 
importance,  both  in  a  chemical  and  pharmaqeutical 
point  of  view,  it  will  be  necessary  in  this  place  to  enter 
into  some  details^  in  explanation  of  its  nature  and  uses. 
It  is  employed  to  separate  solids  from  the  solutions  in 
which  .they  are  contained ;  to  produce  new  combina* 
tions,  which  cannot  be  readily  foimed  by  the  direct 
union  of  their  constituents ;  to  purify  solutions  from 
precipitable  impurities;,  and  to  reduce  a  body  to  a 
finer  state  of  division  than  the  most  laboured  mechani- 
cal process  can  effect.  To  this  latter  circumstance^ 
precipitates  frequently  owe  their  medicinal  activity,  aa 
I  have  endeavoured  to  explain  in  another  work  ;t  they 
are^  moreover,  tn  this  attenuated  condition,  more  easily 
disposed  to  enter  into  new  combinations;  thus,  for 
instance,  Silica,  although  reduced  to  the  finest  powder 
by  levigation,  may  be  boiled  for  some  time  in  liqnid 
potass  without  being  rendered  sensibly  soluble;  bu^ 
when  first  precipitated  from  a  state  of  chemical  solu- 
tion, it  is  not  only  readily  soluble  in  that  menstruum^ 
but  is  even  capable  of  being  acted  upon  by  certain 
acids. 

2S8.  In  seme  cases  the  precipitate  is'  s^Mrated  by 
the  precipitant^  in  consequence  of  the  latter  having  a 
greater  affinity  for  the  liquid,  and  thence  weakening 
its  attraction  to  the  substance  which  is  held  in  solution, 
as  occurs  when  water  is  added  to  spirit  of  camphor,  or, 
alcohol  to  the  solutions  of  certain  salts.  In  other  casef^ 
the  precipitate  is  an  in^uble  compound  formed  by 
the  union  of  the  added  substance  with  that  which  was 
previously  held  in  solution^  as  takes  place  upon  the 
addition  of  sulphuric  acid  to  a  solution  of  baryta. 

S99.    The  specific  gravity  and  form  of  the  precipi- 

*tate  will  also  vary  considerably  in  different  bodies,  and 

I  - .  -  -       -  I 

i  Pharnacolooia,  Edit.  6.  vol.  1.  p.  SIS.  * 
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«v€n  ill  the  same  body  under  difierent  circumstances.' 
When  the  s^mrated  body  is  ^erj  light  and  rises  to  the 
surface  of  the  liquid  it  is  termed  a  cream ;  thus,  by  the 
addition  of  any  acid  to  a  solution  of  soap,  the  alkali 
unites  with  the  acid  and  the  oil,  thus  separated,  swims 
on  the  sui^bce*  In  certain  cases,  where  the  process  of 
precipitation  is  slow,  the  separating  panicles  are  en- 
abled to  obey  die  lay  of  their  polarity,  and  to  arrange 
themselyes  in  such  a  manner  as  to  form  regular  solids ; 
a  fact  which  serves  still  further  to  illustrate  those  views 
which  have  been  already  explained  respecting  the  law 
of  cohesion,  and  to  connect  the  process  of  pitscipitation 
with  that  of  <:rystalliz&tion. 

• 

'  Etjcp.  34. — ^Into  a  saturated  solution  of  sulphate  of 
magnesia  pour  a  portion  of  alcohol,  and  the  salt 
will  be  precipitated  in  a  crystalline  form. 

230.    The  vessels  usually  employed  for  precipitation 
are  tall  jars,  which  are  sometimes  narrower  at  bottom 

than  at  the  mouth, 


so  as  to  allow  the 
precipitate  to  col- 
lect by  subsidence, 
and  the  superna- 
tant liquor  to  be 
afterwards  decant* 
ed  off*  In  other 
such  a  form 


cases, 
.            .  is  troublesome,  on 

j\^     J account  of  the  dif- 
ficulty vrith  which 
the  precipitate  is  removed; 

231.  When  the  chief  object  of  the  process  is  to  ob- 
tain the  precipitate  in  a  pure  form,  it  is  necessary  to 
wash  it,  after  it^is  separated  by  filtration,  and  to  dry  it. 


134         Apparatus  fiit  drying  PrecipUaies:^ 

by  a  heat  not  exceeding  91S* ;  for  the  aceompli^hmenC 
of  whieh  an  extremely  lisefel  apparatus  is  sold  by  the 
makers  of  chemical  insUtiinents,  and  is  represented  in 
the  annexed  figiipe» 

B 


A  exhibits  the 
sel,  with  its  different 
parts  in  sHu. 

By  shews  the  same 
apparatus  supported 
by  the  ring  of  a  stand 
over  an  argand  lamp ; 
its  parts  being  de- 
tached in'  order  to 
render  the  descrip- 
tion of  them  more 
perspicuous.  The 
vessel  a  is  of  sheet 
iron,  or  copper,  japanned  and  hard  soldered ;  c  is  a 
conical  vessel  of  very  thin  glass,  having  a  riiii,  which 
prevents  it,  tvhen  in  its  place,  from  entirely  slipping 
into  a ;  and  rf  is  a  moveable  ring,  which  keeps  the 
vessel  c  in  its  place.  When  the  apparatus  is  in  use, 
water  is  poured  into  a,  and  the  vessel  c,  containing  the 
substance  to  be  dried,  is  immersed  in  the  water^  and 
secured  by  the  ring  d;  the  whole  apparatus  is  then 
suspended  over  an  argand  lamp.  The  steam  escapes 
by  means  of  the  chimney  (,  through  which  a  little  hot 
water  may  be  occasionally  poured,  to  supply  the  Mraste 
by  evaporation.  Where  our  object  is  to  ascertain  with 
accuracy  the  weight  of  any  precipitate,  as  in  the  case 
of  an  analysis,  if  we  previously  estimate  the  weight  of 
the  filtre  employed,  we  may  at  once  arrive  at  the  con- 
clusion without  incurring  the  trouble  and  &llacy  of 
separating  the  matter  deposited  upon  it. 


tSt.  Hie  €faa|]^e&  wliic)i  occur,  thiroiigb  the  agenej 
of  that  species  of  elective  attraction  which  we  hate  just 
considered,  have  been  ingeniously  represented  by  dia- 
grams ori^ally  contrived  by  Bergman.  The  follow- 
ing scheme  illustrative  of -the  decomposition  of  Spirit 
of  Camphor,  by  water,  may  serve  as  an  eilcample. 

.  .  Spirit  and  Water. 


Spirit        K^ctified 
of       < 
Camphoi-  I  Camphor 


Rectified  Spirit 

Water. 


■>/" 


rfMI 


Camphor. 

The  ori^nal  compound  (Spirit  of  Camphor)  is 
fAsLced  on  the  outside,  and  to  the  left  of  the  vertical 
bracket ;  the  included  space  contains  the  original  prin- 
ciples of  the  compound  (Rectified  Spirit,  and  Cam- 
phor), and  also  the  body  (water)  which  i«  added  to 
produce  decomposition.  Above  and  below  the  hori- 
zontal lines  are  placed  the  new  results  of  their  action. 
The  point  of  the  lower  horizontal  line  being  turned 
downwards  denotes  that  the  Camphor  fells  down,  or  is 
precipitated;  while  the  upper  line,  being  perfectly 
straight,  shews  that  the  new  compound  (Water' and 
Spirit)  remains  in  solution.  Had  both  the  bodies  re- 
mained in  solution,  they  would  both  have  been  placed 
above  the  upper  line.  Had  both  i)een  precipitated',  they 
would  have  been  placed  beneath  the  lower  one.  Had 
either  one  or  both  escaped  in  a  volatile  form,  such  a 
result  would  have  been  expressed  by  phicing  the  volati-* 
lized  body  above  the  diagram,  and  turning  up  the  mid* 
die  of  the  upper  line;  thus  if  we  add  Sulphuric  acid  tb 
Carbonata  of  lime,  a  Sulphate  .of  lime  is  precipitated. 
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and  the  Carbonic  acid  escapes  in  a  gaatotts  fiOnyi^  and 
is  represented  as  follows* 

Carbonic  acid  gas. 

Carbonate  I  Carbonic  acid 

of        <  Sulphuric  acid  ♦ 

Lime         Li^^e 


V ^ 

Sulphate-  of  Lime<» 

In  the  construction  of  these  diagrams  Mr.  Phillips  * 
has  lately  introduced  an  improTement  which  greatly 
enhances  their  utility,  and  of  which  I  shall  avail  my- 
self in  the  following  pages.  It  consists  in  printing  the 
new  compounds  formed  during  the  process,  or  the  con* 
Mit^ents  which  assume  a  fresh  state,  in  iialics.  Inthe 
above  diagram,  for  instance.  Sulphate  of  lime  would 
.have  been  thus  denoted,  as  being  a  new  compound ; 
.whereas  the  only  change  which  the  Carbonic  acid  un- 
dergoes being  from  the  state  of  solid  combination  to 
.that  of  an  uncombined  elastic  fluid  would  have  been 
described  as  follows, — ^Carbonic  acid  gas. 
;  233.  In  compliance  with  that  principle  which  should 
regulate  the  arrangement  of  every  elementary  work,  the 
student  has  been  first  made  acquainted  with  the  most 
sjmide  operation  of  elective  affinity,  in  which  a  body 
.acts  upon  a  cqmpound  of  two  ingredients,  and  unites 
with  one  of  its  constituents,  leaving  the  other  at  liberty ; 
and  which  is  termed  Single  or  Simple  affinity,  in  con- 
tradistinction to  the  more  complicated  case  which  we 
have  next  to  consider. 

.    234.    Double  Elective  Attraction^  or  Complex  Affi" 

.nitjfy  takes  place  when  two  bodies,  each  consisting  of 

tyro  principles,  are  presented  to  each  other,  and  mutu-< 

•     *  Phillips*9  Trraslatioa  f»f  the.  Londoa  PtuurinacoiMBia. 
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ikHy  ^clutoge  a  principle  of  emch ;  by  wUdi  meana 
two  new  bodies,  or  compounds,  are  produjqed,  of  a 
difl^ot  nature  from  tli^.ori|pnal  copipounds.  In  this 
cas^  it  irequenlly  happens,  that  ihe  compound  of  twq 
l^ineiples  .cannot  be  destroyed,  either  by  a  third  or 
fourth  separately  applied ;  .whereas,  if  this  third  f^ld 
fourth  be  combined,  and  placed  in.  contact  with  the 
former  compound,  a  decompositian,  or  a  change  of 
principles,  will  ensue.  For  instance,  if  to  a  solution  of 
sulphate  of  soda  we  add  lime-water,  no  decomposition 
takes  place,  because  the  attraction  of  the  sulphuric 
acid  is  stronger  for  the  soda  than  for  the  lime ;  so  agai^ 
if  muriatic  acid  be  added  to  the  same  salt  no  chanire 
18  induced,  since  the  sulphuric  acid  attracts  soda  more 
powerfoUy  than  the  muriatic  acid.  But  if  the  lime  and 
muriatic  acid  preyiously  combined  (muriate  of  lime)  be 
mixed  with  the  sulphate  of  soda,  a  double  decomposir 
tion  is  effected.  The  lime,  quitting  the  muriatic  acid^ 
unites  wid^  the  sulphuric ;  and  the  soda  being  sepa- 
rated from-  the  sulphuric  acid,  combines  with  the 
muriatic*  These  decompositions,  like  those  produced 
by  single  affinity,  may  be  expressed  by  diagrams. 


Muriate  of  Soda. 


Sulphate 

of 

Soda 


Soda 


Muriatic  acid 


Sulphuric  acid    Lime 


Muriate 

of 

Lime* 


Sulphate  of  Lime. 

On  the  outside  of  the  vertical  brackets  are  placed  the 
original  compounds  (Sulphate  of  soda,  and  Muriate  of 
lime)  above  and  below  the  horizontal  lines,  the  new 
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compoirintdB  prddaded  {MmriaX^  efS&da,  aod  SutphaHif 
ofLimey^  the  ixppet  line  being  straight  indicates  tiiaf 
6\tjknriaie  eflime  remamd4ii  solution  •  the  dip  of  the 
low^r 'line,  that  the  ^i^^Ad^tf^tfvie  U  pfeeipiu 

'S85.  In  idl  Bach  cases  df  decomposition,  H  is  evideM 
that  two  distinct  series  of  aCtmctions  tmsi  be  in  co»* 
flicting  opettition ;  those  tending  to  preserve  the  origi-> 
nal  compounds^  and  to  which  Mr.  Kirwan  has  bestowed 
the  expressive  name  GfQuiesceni  affinities,  and  those 
which  tend  to  disunite  them,  and  to  raise  up  new  eom<* 
jpoands  by  a  fresh  combination  of  their  ingredients ;  to 
which  latter  forces  he  has  applied  the  term  of  DiveUeni 
affinities.  It  is  plain  therefore  that  a  double  deoom- 
|>08ition  can  only  be  elated  where  the  sum  of  the 
divelleni  is  superior  to  that  of  the  quiescent  attractions. 
Taking  the  instioioe  above  adduced,  Dt.  Henry  ^  has 
placed  this  subject  in  a  very  clear  point  ofview,  thus — 

The  attraction  of  Lime  to  Muriadc  acid  •  •  =  104 

Soda  to  Sulphuric  add  .•  zz    78 

Quiescent  affinities  'zz  182 

The  attraction  of  Soda  to  Muriatic  acid ...  =  115 

Lime  to  Sulphuric  acid. .  =    71 

Divelleni  affinities  z=  186 

The  original  compounds,  therefore,  are  pveserv<3d  by 
a  force  equivalent  to  183,  and  the  tendencies  to  pro- 
duce  new  compounds  are  represented  by  tihe  number 
186.  The  dtveUent  affinities  are  consequently  predo- 
minant. Dr.  Cullen,  with  whom  the  happy  idea  of 
representing  what  passes  in  these  complicated  changes 
by  diagrams,  appears  to  have  originated,  proposed  as 

t  ElemcBlsof  Kzperimcutal  Chemistry,  £dit  9.  ^ 
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mA  Hlufitration,  two  crom  sticks,  moveable  on  «  piTOt  (a) 
I^aced  At  tlieir  point  of  mteirsection)  tha»--^ 


If,  on  mixing  the  tompounds  denoted  by  A  C,  B  D^ 
the  attractions  of  A  to  B,  and  of  C  to  D,  overcome  the 
qwie$cent  attractions  AC,  B D ;  the  resulting decom* 
position  is  at  once  represented  by  bringing  together  the 
extremities  A  B,  C  D ;  by  which,  also,  the  production 
of  the  two  nem  compounds  will  be  denoted  by  the  con^  * 
junction  of  these  letters. 

236.  It  must  be  acknowledged,  that  the  theory  of. 
chemical  affinitjr,  as  above  displayed,  is  highly,  cap^ 
tirating,  as  wdQ  firom  its  extreme  simjdicity,  as  from  • 
the  apparant  fecility  with  which  it  may  be  brought  to 
bear  upon  questions  of  practical  inquiry ;  but  the  stu- 
dent has  yet  to  learn,  that  there  exist  numerous  extra- 
neous  circumstances  which  are  constantly  operating 
in  modifying  and  even  reversing  the  laws  of  chemical 
aifinity.  These  circumstances  are.  Quantity  qfmat^ 
ter ; —  Cohesion ; — Insolubility ; —  Specific  gravity ; — 
Elasticity ; —  Efflorescence ; —  Temperature; —  and 
Mechanical  pressure.  It  will  be  necessary  to  examine 
each  of  these  powers  in  succession,  in  order  to  establish 
some  conclusions  with  respect  to  their  force  and  value. 

837.    K  Quantity  of  matter.     M.  Berthollet,  to 
whom  we  are  indebted  for  the  first  distinct  views  of 
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t^^tdtijtkxis  pf  :ttie  .force  of  affinity  to  quimiity,  CiOtb»< 
ceives  that  theae  relfitionBare^iiiveiBal,  and  ^hat  eleo^ 
tive  attraction  cannot  strictly  be  said  to  exist.  This 
assertion,  however,  has  been^  very  ably  combatted  by 
Sir  H.  Davy,^  who  has  pointi^l  out  several  sources  of 
fallacy  which  had  escaped  the  observation  of  Berthollet. 
Although  many  of  t^e  cases  which  have  been  adduced 
in  support  of  the  fact,  that  excess  in  quantity  of  mat'- 
ter  wiil  compensate  for  deficiency  of  affinity^  may  un- 
doubtedly admit  of  a  different  explanation,  still  it 
cannot  be  denied^  that  cHemical  de^oompositions  are 
frequently  influenced  by  the  pondei*able  quantities  of 
tlie  .substibic^  placed  i^ithin  the  sphere  of  action ; 
whence  manufactuiiBrs  iq)eraling  'On  a  large  scaje  will* 
frequently  obtain  resulis  which  liever  arise  in  th^  pro . 
gress  of  A  scientific  experiment, 

.•  2S8#  It  is  probable,  that,  in  some  cases,  the  influence 
of  quantity  may  be  referred  to  a  mechanical  caus«^ 
ehabling  the  particles  to  have  a.  readier  access  to  those 
for  which  they  have  sin  affiAity, 

•  839.    The  following  experiment  is  well  calculated . 
to  illustrate  the  efiect  of  quantity  in  favouring  decom* 
position* 

"  Exp.  35. — Mingle  together,  in  a  mortar,  oAe  part  of 
chloride  of  sodium  (common  salt)  with  half  \Vi 
weight  of  red  oxide  of  lead  (Litharge^  or  Red' 
Lfcad)  and  add  sufficient  water  to  form  a  thin 
p^te.    The  oxide  of  lead,  on  examining  the  mix- 
ture after  twenty-four  hours,  will  be  found  not  to ' 
have  detached  the  muriatic  acid  from  the  soda;  for 
the  strong  taste  of  that  alkali  will  not  be  apparent. 
Increase  the  weight  of  the  oxide  of  lead  to  three 
or  (bur  times  that  of  the  salt ;  and,  after  the  same 

.  #  Ekmenls  of  Cbemical  Philoqopby. 
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inteml,'  the  mixtui«  will'  eithibit,  by  its  eastej 
proofs  of  uncombined  soda.  This  proves,  lihat  the' 
larger  quantity  of  the  oxide  must  have  detached  a^ 
ttnsid^rablie  portion  of  nrnriatic  acid  from  die 
soda,  though  the  oxide  has  a  weaker  affinity  for 
that  acid  than  the  soda  possesses. 

940.  2.  Cohesion.  The  influence  of  this  force  has 
been' ahready  considered' (^00),  and  we  shall- hereafter 
have  occasion  to  adduce  farther  evidence  of  its  im« 

portance. . 

•  .  * 

K  S41.  3i..In8olubiUitf.  This  might,  p^haps^.be  in- 
cluded under  the. consideration  of  the  cohesive  force^ 
of  which  it;  is  but:  an  effect  (145) ;  the  extent,  however^ 
lo  which  it  may  modify  chemical  affinity  .re^uices 
fMh^  explanation.  >  If  there  be  two  bodies,  one  of 
srhicb  is. soluble,  .and  the  other  insoluible, ; but  each 
possessing  a  nearly  equal  affinity  to  a  thirds  upon 
bringing  such  substances  into  the  sphere  df  Attraction, 
•the  soluble  body  will  possess  great  advantages  over  its 
antagonist,  for  its  pobesion,  trifling  even  at  the  owtset, 
must  be  reduced  to  almost  nothing  by  solution,  white 
that  of  the  insoluble  body  will  remain  the  same.  '  Th« 
whole  of.  the  soluble  body  will,  moreover^  eXert  its 
affinity  at. once,  whereas  a  part  only  of  the  insoluble 
body,  can  oppose  its  force.  Hence  it  is  evident  that  the 
fonner  may  attach  to  itself  the  greatest  proportion  of 
the.  third  body,  although  it  should  possess  even  a 
weaker  affinity  than  the  latter,  to  the  subject  of  com-? 
bbmlion.  ,  In  some  cases^  however,  insolubility  may 
turn  the  balance  in  favour  of  the  affinity  of  one  body, 
whcsn  opposed  to  that  of  another ;  thus^  if  U>  the  so- 
luble cpiyipound^  sulphate  of  soda,  we  add  baryta,  the 
n^yr.  conipound  (sulpbatie  of  baryta)  being  pn^cipi- 
tated  the  instant  it  is  formed,  and,  tl^usrefUoyMfrom 
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the  sphere  of  action)  will  e9c^)e  firom  the  dominion 
which  fthe  aoda  might  otherwise  exert  over  it,  in  con- 
sequence of  its  greater  quantity,  or  mass, 

^m.  4.  GreiUSpecifieGrmity.  Ubis^U  neces- 
sarily concur  with  insolubility,  in  impeding  combina- 
tion in  the  one  caae,  and  isx  aiding  the  operation  of 
affinity,  in  the  other,  as  explained  in  the  preceding 
Section. 

S43.  5.  Elasticity  J  or  Volatility  ^  will  operate  by 
separating  the  particles  of  bodies  so  widely,  as  to  re- 
move them  out  of  the  sphere  of  their  mutual  attraction. 

844.  6.  Efflorescence^  like  Precipitation,  tends  to 
remove  one  of  the  bodies  from  the  operation  of  affinity. 
It  was  first  observed  by  Scheele,  that  if  in  a  paste,  cora« 
posed  of  several  saline  substances,  decomposition  is 
going  on,  one  of  the  resulting  compounds  often  rises 
through  the  mass,  and  forms  an  efflorescence  on  its 
surface* 

9i5.  7.  Temperature.  This  is,  by  fiur,  the  most 
important  of  all  the  extraneous  forces  which  are  capa* 
ble  of  modifying  chemical  affinity ;  .in  fact,  the  other 
forces  fall  more  or  less  under  its  dominion ;  that  cohe« 
sion  is  thus  diminished  has  been  shewn  under  the  his* 
tory  of  Solution  (147);  and  it  is  equally  obvious  that 
the  solubility,  specific  gravity,  and  elasticity  of  bodies 
will  be  affected  by  the  same  power.  The  following 
experiment  will  shew  how  far  temperature,  by  favour- 
ing volatility,  may  modify,  or  even  reverse  the  order  of 
chemical  affinity. 

Exp.  96. — To  a  solution  of  nitrate  of  potass  add 
alcohol,  the  spirit  will  immediately  unite  with  the 
water,  and  the  salt  be  precipitated.  If  the  tem- 
perature be  now  raised,  the  alcohol  will  rise,  oa 
account  of  its  volatility,  and  the  nitre  be  re-dis^ 
solved;- 
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Exp^ Sm^^^-lxito  a  solution  of  carbooaie  of  ajumo- 
iiia,  pour  one  of  muriate  of  lime ;.  a  double  de- 
composition instantly  takes  place^  carbouf^  qf 
lime  fall3  down,  and  nuixjate  of  ammonia  floal^ 
above.  Let  this  liquid  mixture  be  now  bpiUfi 
for  some  time ;  e^alation  of  ammoniacal  jgB^B  will 
.  .  be  perceived^  an^  the  carbonate  of  lime  will  be 
re*dissolyedy  as  may  be  shewn  by  the  Either  .^4* 
ditien  of  carbonate  of  ammonia,  which  wiU  c^sfc 
an  earthy  precipitate  from  the  liquid  which,  fvriof 
to  ebullition,  was  merely  muriate  pf  aaui^onia* 

.  243*  Another  beautiful  illustration  of  this  power  ia 
jiffoided  by  the  formation  and  decomposition  of  the 
red  oxide  pf  mei^vy  iHydrarg^ri  Oxjfdum  rubrum^ 
p.  i^)  In  this  case,  by  exposing. mercury,  to  ih^  aju:  \a 
a  d^gnee  of  heat  very  nearly  equal  to  that  at  wbif  h  it 
ToIati}ifes,:  it  will  absorb  oxygen,  an^  become  co^^ 
vert^  into  the  red  oxide;  but,  if  the  beat  be  stiH 
&rther  augmented,  the  oxygen  will  asaum^  the  ^Insttc 
state,. and.  fly  oSy  leaving  the  mercury  in.  Us  original 
state, 

847.  &  Eleciricity.  The  influence  of  this  power 
over  the  affinities  of  bodies,  will  require  a  separate 
chapter  for  its  consideration* 

248.  9.  Mechanical  Pressure.  The  effects  of  this 
force  are  chiefly  manifested  in  producing  the  combina* 
tion  of  aSriform  bodies,  either  with  each  other,  or  with 
liquids  or  solids.  The  theory  of  its  action  has  been 
idready  explained  (137), 

S49.  Such  are  the  principal  circumstances  by  which 
chemical  affinity  is  modified ;  and  after  an  impartial 
Teyiew  of  their  nature  and  influence*  we  m^y  safely^ 
conclude,  that  affinity  is,  nevertheless,  elective^  acting 
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In  the  different  chemical  bodies  with  gradations  or  at- 
tractive  force ;  but  which  is,  at  the  same  time,  liable  to 
be  modified  by  quantity  of  matter,  temperature,  cohe- 
sion, solubility,  and  other*  conditions  of  the  bodies 
in  action. 

850.  There  remains  to  be  noticed  a  case  of  attrac- 
tion, which  has  been  termed  Disposing  Affinity ;  in 
'which,  two  bodies  incapable  of  combining,  are  made 
to  unite  chemically  by  the  addition  of  a  third  sub- 
stance, although  it  may  have  no  apparent  affinity  for 
either.  This  may  be  illustrated  by  an  example.  Water 
is  a  compound  of  oxygen  and  hydrogen  ;  for  the  for- 
mer of  which  Phosphorus  has  an  attraction,  but  not  so 
powerful  as  to  enable  it  to  decompose  water ;  if,  how- 
ever, the  phosphorus  be  combined  with  lime,  it  in- 
stantly decomposes  water  with  rapidity,  by  attracting 
its  oxygen,  and  thus  liberating  the  hydrogen,  with 
which  a  portion  of  the  phosphorus  enters  into  union. 
In  like  manner,  iron  has' ah  attraction  for  oxygen ;  but 
so  little  superior  to  that  of  hydrogen  for  the  same  body, 
that  it  is  unable  to  decompose  water,  at  a  low  tempe- 
rature, or,  at  least,  with  any  energy ;  but,  if  a  small 
quantity  of  sulphuric  acid  be  added,  the  decomposi- 
tion instantly  proceeds  with  very  considerable  rapidity; 
In  the  one  case,  the  Lime,  in  the  other,  the  Sulphuric 
acid,  are  said  to  exert  a  Disposing  affinity. 

251.  Notwithstanding  the  light  which  late  disco- 
veries have  thrown  upon  the  general  subject  of  chemi- 
cal attraction,  it  must  be  confessed  that  the  explanations 
which  have  hitherto  been  offered  of  the  nature  of  dis- 
posing affinity  are,  to  say  the  least,  extremely  unsatis- 
factory.. In  some  cases,  the  phsenonienon  may  evi- 
dently be  referred  to  Electro-chemical  agencies;  in 
others,  to  the  operation'  of  a  force,  *  which'  B^rthollet 
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Ims  termed  nsmUing^  aflSnky,  «id  wliich  may  be 
staiedy  in  a  few  words,  to  be  the  combined  motion  of 
different  affinities  existing  in  one  compound ;  in  many 
instanoesy  however,  it  cannot  be  fairly  explained  upon 
any  kBoarn  principle  of  combination. 


Rbagbnts,  or  Tests. 

S60.  From  wkatiwiB  been  already  ^ated  upon  the 
fiubjiect  of  chemical  affinity,  it  will  follow,  that  the  ap- 
plication of  certain  bodies  to  different  solations  will, 
by  producing  changes  which  are  striking  to  the  senses, 
detect  the  presence  of  veiy  minute  prc^cHtions  of  par* 
tkular  ingredients.  Such  bodies  are  termed  Tesft$^  or 
Seagenis,  and  prore  Taluable  inatrumenta  in  the  hands 
of  the  Chemist.t    To  illustrate  their  agency,  let  us 

*  Berthollet  conceives  that  the  affinities  of  a  compound  are  not 
newly  acquired,  but  ace  merely  the  modified  affinities  of  its  con- 
stituents, the  action  of  which,  in  their  separate  state,  was  coun- 
teracted by  the  prevalence  of  opposing  forces.  By  combination, 
he  supposes  that  these  forces  are  so  far  overcome,  that  the  affini- 
ties of  the  constituents  are  enabled  to  exert  themselves.  To  such 
affinities  he  has  given  the  name  of  elemetUarsf  qginitiesj  while  thps^ 
possessed  by  the  compound  he  calls  retulHng  tffiniUe^.  .  , 

f  Every  medical  practitioner  ought  to  be  fiimished  with  a  chest 
contahiing  a  certain  number  of  tests,  ii^  order  that  he  may  apply 
them,  as  occasions  will  require,  for  the  examination  of  unknown 
substances;— 4he  discovery,  of  poisons,  and  the  detection  of  those 
Bvmerous  adulterations  to  which  his  medicines  are  so  unfortu- 
nately exposed.  The  period  has  not  long  passed,  when  it  was 
supposed  that,  for  the  purposes  of  experimental  inquiry^  a  labora- 
tory regularly  fitted  op  with  an  expensive  suite  of  apparatus  was 
le.  The  great  improvements,  however,  which  have 
lately  made  in  the  application  and  management  of  chemical 
Reagents  have  superseded  this  necessity ;  and  it  is  now  universally 
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take  a  portion  of  spring  water,  whose  purity  it  is  an 
object  to  ascertain ;  if  we  introduce  a  few  drops  of  a 
solution  of  the  Nitrate  of  Silver^  and  a  white  preci-^ 
pitate  follows/we  may  conclude  from  the  phaBnomenoife 
that  the  water  in  question  contains  a  muriatic  salt  or 


admitted  that  every  aoAlysis  may  be  performed,  as  fiur  as 
utility  is  concerned,  by  the  assistance  of  a  few  phials  of  tests, 
with  the  addition*  pel'liaps,  of  some  glass  tubes,  floreace  flasksv 
and  tobacco  pipes.  In  the  directions  which  I  shall  hereafter  oflfer 
to  the  studeat,  for  the  construction  of  aa  me^nomieai  LdbarmMmy^ 
the  necessary  tests  shall  be  enumerated.  In  this  place  it  will  ba 
only  necessary  to  make  some  remarks  on  the  modes  of  manipula- 
tion, and  which  are  no  less  essential  to  abridge  labour*  than  td 
ensure  accuracy.  The  most  convenient  bottle  for  containing  a 
chemical  test  is  a  common  ounce  phial,  through  the  cork  of  which 
should  be  introduced  a  piece  of  glass  tube  of  small  bore,  two  or 
three  inches  long*  and  beat  at  one  end  to  an  obtuse  angle*  as  here 

rqiresented.  On  inverting  the  phial*  and 
grasping  the  bottom  part  of  it,  the 
warmth  of  the  hand  expells  a  few  drops, 
which  may  be  directed  upon  any  minute 
object.  When  the  flow  ceases,  it  may 
be  easily  renewed  by  setting  down  the 
bottle,  for  a  moment,  with  its  teouth 
Upwards  (which  admits  a  fresh  supply  of  cool  air),  and  then  pro- 
ceeding as  before.  In  some  cases  where  extremely  minute  quan- 
tities are  required,  a<9  in  the  application  of  concentrated  alkalies 
or  acids,  a  bottle  with  an  elongated  stopper,  as  exhibited  in  the 

annexed  sketch,  will  be  found  very  con- 
venient for  enabling  the  operator  to  take 
up  a  single  drop,  and  to  allow  it  to  fall 
iipon  any  body  under  examination, 
"f  he  liquid  to  be  examined  b  frequently  introduced  into  glasses* 
or  tubes,  but  as  this  arrangement  necessarily  requires  a  certain 
quantity  of  materials,  a  slip  of  glass  may  be  very  conveniently 
substituted*  or  on  some  occasions,  a  piece  of  common  writing 
paper.  Where  our  object,  however,  is  to  collect  the  precipitate 
for  the  purpose  of  ascertaining  its  weight,  or  of  submitting  it  to 


M. 
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some  carbonated  alkali  or  earth ;  such  an  efiect,  how- 
ever, from  these  latter  bodies  may  be  at  once  prevented^ 
bj  the  previous  addition  of  some  nitric  acid.  To  shew 
the  extreme  delicacy  of  nitrate  of  silver,  as  a  test  for 
any  muriatic  salt,  it  may  be  stated,  that  if  two  glasseft 
be  filled  with  distilled  water,  and  the  finger  is  merely 
dipped  into  one  of  them,  thd  silver  test  will  actually 
indicate  the  impurity  thus  introduced.  If  the  water 
should  contain  any  sulphuric  salt,  the  Nitrate  of  Ba* 
ryia  will  indicate  its  presence  by  a  white  precipitate^ 
which  will  not  disappear  on  the  addition  of  nitric  acid, 
as  it  would,  were  the  precipitant  a  carbonate*  The 
presence  or  absehce  of  lime  may  be  inferred  from  the 
effect  occasioned  in  the  water  by  Oxalate  ofAmmoniay 
which  will  precipitate  this  earth,  although  it  should 
exist  in  extremely  minute  quantities.  These  few  ex- 
amples are  sufficient  for  present  lllustratioa,  others  will 
occur  in  our  progress* 

Ok  the  Proportions  in  which  Bodies  com- 
bine; AND  ON  THE  AtOMIC  ThEORT. 

253*  Having  considered  the  nature  of  chemical  com- 
bination, and  the  circumstances  by  which  it  is  directed 
and  influenced,  we  may  next  examine  the  proportion^ 
in  which  different  substances  unite  with  each  other,  in 
order  to  produce  various  compounds. 

other  procefises,  we  are  necesMirily  cotfipelled  to  work  on  a  larger 
seale.  For  merely  determintng  the  compomtioA  ^f  a  liquid* 
without  any  refereace  to  the  proportions  of  its  ingredients,  Ihe 
flip  of  glass  will  answer  every  intention;  and  it  is  quite  surprising 
to  what  a  degree  of  accuracy  an  experienced  eye  will  arrive  in 
deducing  a  conclusion  from  the  colour,  density,  and  other  ap* 
pearanccs  of  the  precipitate  thus  produced. 

k2 
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854.  In  some  cases  bodies  appear  to  onice  in  everp 
proportion^  without  any  assignable  limit^  as  water  wttb 
sulphuric  acid,  or  alcohol  with  water,  &c.  In  others^ 
they  unite  in  every  proportion,  as  far  as  a  certain  pointy 
bey€md  which  no  fiurther  combination  can  takeplaoe^ 
a  fact  which  has  been  already  exemplified  in  the  hrn^ 
tory  of  saline  solutions  (150.)  In  all  such  cases  the 
combination  of  the  constituents  is  very  feeble,  and  is 
easily  subverted ;  the  con^Knind,  moreor er,  thus  pio- 
duced,  is  not  characterized  by  any  remariuible  change 
in  properties,  but  possesses  qualities  which  belong  ta 
the  components  in  their  separate  state ;  thus  dilute  sul« 
phuric  acid,  or  spirit  and  water,  exhibit  no  sensible 
characters  which  may  not  b^  discovered  in  the  single 
ingredients ;  and  the  same  observation  will  apply  t» 
the  aqueous  solutions  of  salts. 

855.  To  Express  the  point  at  which  bodies  cease  to. 
combine  witli  each  other,  we  use  the  term  Saturatuu^ 
where  there  is  no  remarkable  alteration  in  properties, 
(150),  and  that  of  Neutralization  where  the  opposing 
properties  of  the  ingredients  disappear. 

856.  In  every  case  of  energetic  combination,  in 
which  the  qualities  of  the  components  are  no  longer  to 
be  distinguished  in  the  compound,  the  constituents 
unite  in  proportions  that  are  always  definite;  thus^ 
when  they  combine  so  as  to  form  one  compound  only, 
that  compound  under  whatever  circumstances  ix  may 
be  produced,  always  contains,  with  the  most  rigid 
accuracy,  the  same  relative  proportions  of  its  compo-r 
nent  parts ;  and,  where  two  bodies  unite,  in  more  than 
one  proportion,  the  second,  thifd,  &c.  proportions  anr 
multiples,  or  sub-multiples  of  the  first ;  thus,  for  in- 
stance, there  are  two  well  known  combinations  of  iron 
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mndi  oxygen,*  constituting  the  black  (Protoxide)  and 
ibB  red  (Peroxide)  oxides;  now,  if  we  consider  the 
•oxygen  in  the  former  as  S,  that  in  the  latter  must  be 
convened  as  S;  in  like  manner,  there  are  two  oxides 
of  Mercury,  the  black  (Protoxide — Ifytbrargyri  ojpy- 
^dum  emereum.  t.  l.)  and  the  r^d  (Peroxide — Oxydum 
Rubrunu  p.  l.),  and  the  latter  appears  to  contain  just 
twice  as  much  oxygen  as  the  former.  We  may  deriTe 
smother  illustration  from  the  compounds  of  Lead ;  this 
metal  combines  with  oxygen  in  three  different  prqpor- 
dons ;  the  first  confound  consists  of  100  metal  «-}*  S 
oxygen ;  in  the  second  the  same  proportion  of  lead  is 
combined  with  18  of  oxygen,  and  in  the  third  with  16* 
When  an  alkaline  substance  combines  with  more  than 
one  proportion  of  acid,  the  same  circumstances  seem  to 
occur ;  this  is  beautifully  shewn  by  a  simple  experi- 
ment first  made  by  Dr«  WoUaston,  viz. 

Exp.  38, — ^Let  a  given  weight  of  the  salt  called  car- 
bonate of  potass  {PotassiB  Carbonas.  p.  l.)  be 
introduced  into  an  inverted  tube  filled  with  mer- 
cury, and  a  quantity  of  sulphuric  acid  sufficient 
to  cover  it,  be  admitted ;  a  certain  volume  of  car- 
bonic acid  gas  will  be  disengaged;  let  an  equal 
weight  of  ^he  same  salt  be  heated  to  redness,  by 
which  it  will  become  a  5«A-carbonate,  and  let  this 
sub-carbonate  be  treated  in  the  same  manner, 
when  it  will  be  found-  to  give  off  exactly  half  as 
much  carbonic  acid  gas ;  the  fact  is,  that  the  for- 
mer salt  consists  of  70  parts  of  potass  -|-  60  of  car- 
bonic acid ;  and  the  latter  of  70  of  potass  -j-  30  of 
carbonic  acid. 

-  *  In  these  illostrations  it  is  imBosriUe  to  avoid  anticipatbg  a 
certmin  depree  of  chemical  kaowled^r  with  idiich  the  student 

.nay  be  supposed  to  be  not  ^et  acquainlH*  la  evqry  case  where 
it  was  possible  to  makt  a  different  arrangement  it  his  been  stu- 
diously adhered  to. 
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S57.  But  in  no  instance  is  the  law  of  definite  pro 
portions  more  satis&ctorily  demonstrated  than  in  the 
combination  of  gaseous  bodies  with  each  other,  which 
will  hereafter  be  diewn  to  unite,  invariably,  in  simple 
ratios  of  volumes.. 

258.  The  idea  of  definite  proportions  appears  to 
have  first  struck  the  mind  of  Richter ;  and  Mr^Higgins, 
in  his  work  on  Phlogiston,  subsequently  maintained 
the  opinion  that  bodies  unite  chemically,  atom  to  atom. 
But  the  generalization  of  the  doctrine  was  reserved  for 
the  genius  of  Mr.  John  Dalton,  who  deservedly  enjoys 
the  glory  of  having  permanently  established  a  theory, 
the  developement  of  which,  to  use  the  expression  of  an 
eminent  philosopher,*  must  be  considered  as  the  great- 
est step  which  Chemistry  has  yet  made  as  a  science ; 
enabling  us  to  establish  principles  of  rigid  accuracy  as 
the  foundation  of  our  reasoning,  and  to  ca)l  in  the  as- 
sistance of  mathematics  to  promote  the  progress  of  a 
science  which  has  hitherto  eluded  the  aid  of  that  un- 
rivalled instioiment  pf  improvement.  Already  has  the 
applicaUon  pf  this  theory  shed  a  flpod  of  lustre  upon 
our  science,  not  only  by  correcting  former  analyses, 
but  by  leading  to  the  discovery  of  many  unknown 
combinations,  whose  existence  might,  otherwise,  have 
never  even  been  suspected.  It  will,  for  instance,  be 
easily  perceived,  that  if  we  have  a  series  of  compounds, 
the  proportions  of  whose  constituent^  are  respectively 
1-|-1»  14-3;  1-{"S>  *"^d  so  on,  we  are  naturally 
led  to  enquire  whether  intermediate  compounds  may 
not  be.  formed  of  the  same  bodies  in  the  proportions 
of  1  -}■  2,  and  1  -f-  4,  to  complete  the  series ;  and  in 

*  On  the  Daltoaiaa  Theory  of  Definite  Proportions  in  cIm- 
vucal  combinations;  by  Thomas  Thomson,  M.D.  F.R.S.  &c. 
i^  a  paper  published  in  the  second  volume  of  the  Annab  of  Phi- 

lo^phr:      * 
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many  cases  the  existefice  of  such  combinations  has  been 
actually  discovered ;  thus,  there  were  four  known  com^ 
pounds  of  Nitrogen  and  Oxygen,  viz.  Nitrous  Oxide^ 
consisting  of  I  atom  of  nitrogen  4-  1  of  oxygen ;  Nitric 
Oxide,  of  1  of  nitrogen  -f-  2  of  oxygen ;  Nitrous  Acid^ 
of  1  of  nitrogen  -|-  4  of  oxygen,  and  Nitric  Acidy  of  1 
of  nitrogen  -{-  5  of  oxygen.  To  complete  this  series 
a  compound  was  required  of  1  of  nitrogen  4*  3  of  oxy- 
gen, and  such  a  body  has  accordingly  been  discovered, 
and  is  known  by  the  name  of  Per^nitrouSy  or  Hypo" 
nitrous  acid.  Numerous  examples  of  a  similar  nature 
will  hereafler  present  themselves,  demonstrating  in  the 
most  satisfactory  manner  the  universality,  as  well  as  the 
uniformity,  of  this  law  of  combination. 

259.  In  order  to  understand  the  Atomic,  or  Daltonian  ^ 
theory,  it  must  be  remembered  that  every  particle  of  a 
true  chemical  compound,  however  minutely  divided, 
will  contain  a  portion  of  each  ingredient.  It  is  true 
that  mechanical  division  cannot  be  carried  practically 
beyond  certain  limits  (23),  but  since  the  most  minute 
particle  which  it  is  capable  of  presenting  to  us,  shews 
no  difference  in  composition  from  that  of  the  entire 
mass,  the  inference  is  plain  that,  could  we  proceed  to 
the  ultimate  term  of  material  divisibility,  we  should 
still  have  the  same  result;  thus,  chalk  is  a  compound 
of  lime  and  carbonic  acid;  now,  however  minute  9 
portion  of  chalk  we  take,  we  shall  find  it  to  contain 
both  of  these  ingredients.  It  is  evident  that  this  could 
not  occur  unless  the  atoms  of  the  combining  bodies 
united  with  each  other;  and,  as  all  chemical  com- 
pounds contain  the  same  constant  proportion  of  their 
constituents  (257),  it  is  equally  evident  that  a  union 
must  take  place  of  a  certain  determinate  number  of  the 
atoms  of  one  constituent  with  a  cert^n  numbef  of  the 
atoms  of  the  other. 


159  On  the  weight  of4U^s. 

980.  Assuming  therefore  tliat  chenucal  eombiaa- 
lion  takes  place  only  between  the  atoms  of  bodies,  Mr. 
Palton  has  deduced,  from  the  relative  weights  in  which 
bodies  unite,  the  relative  weights  of  their  ultimate  par- 
ticles, or  atoms,  and  he  has  accordingly  formed  a  series 
of  such  representative  numbers. 

261.  As  an  illustration  of  the  process  by  which  we 
arrive  at  the  weight  of  an  atom,  let  us  suppose  that  any 
^wo  elementary  bodies,  A  and  B,  combine ;  and  that 
they  have  been  proved  experimentally  to  unite  in  the 
proportions,  by  weight,  of  5  of  the  former  to  4  of  the 
latter ;  then  it  follows  that  if  they  unite  particle  to  par- 
ticle,* those  same  numbers  must  necessarily  express 
the  relative  weights  of  their  atoms, 

S62.  But  besides  combining  atom  to  atom,  singly, 
1  atom  of  A  may  combine  with  2,  or  with  3,  4,  &c.  of 
B.  *  or  1  atom  of  B  may  combine  with  2,  3,  4,  &c.  of 
A.  When  such  a  series  of  compounds  exists,  it  is 
evident  that  chemical  analysis  ought  to  shew  the  relar 
tive  proportions  of  their  ingredients  to  be  5  of  A,  to  4 
ofB;  or5  to(4+4)8;  or6to(4  +  4+4)  12,  &c, 
because  these  numbers  are  the  representatives  of  the 
weights  of  such  atoms ;  and  it  is  evident  that,  if  the 
atomic  theory  be  true,  no  intermediate  ^compounds  can 
ever  exist,  such  for  instance  as  5  of  A  to  Q  of  B. 


*  When  only  one  combination  of  any  two  elenoentar  j  bodies 
exists,  Mr.  Dalton  assumes,  unless  the  contrary  can  be  proved, 
that  its  elements  are  united  atom  to  atom  singly,  and  such  co^ibi- 
nations  be  calls  a  Unary. 

m 

1  atom  of  A  +  1  atom  of  B  =  i  atom  of  C,  hituny 
I  %         ,  -_  __^^^  j)^  ternary 

^  — ^1  iL — ^ Ej  ternary 

1  — — 3  =  »  F,  fuaternary 

3  ■  1  —  :=  ^_^  0,  quaternary 
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,  fi63*  In  order  to  establish  the  ac<;uracy  of  the. num- 
ber thus  obtained)  it  will  be  necessary  to  examine  the 
^combinations  of  A  and  B  with  some  third  subst^ce^ 
say  with  C.  Then  we  will,  for  the  sake  of  e:|[ample^ 
sujqpose  that  A  and  C  unite^atom  to  atom^  so  as  to 
form  {^  bi$iary  combination^  in  the  proportion,  by 
weight,  of  5  to  3«  Then^  if  C  and  B  are  also  capable 
of  combining,  it  will  be  immediately  perceived  that 
ihey  can  only  combine  in  the  proportion  of  3  to  4,  or 
in  that  expressed  by  some  simple  multiple  of  these 
numbers,  which  denote  the  relative  weights  of  their 
atCHns.  Such  was  the  principle  of  research  adopted 
by  Mr.  Dalton  for  estimating  the  weights  of  the  atoms 
of  oxygen,  hydrogen,  and  nitrogen ;  the  two  first,  from 
the  known  composition  of  water,  and  the  two  last,  from 
the  proportions  in  which  those  elements  exist  in  am- 
monia* 

S64.  But  before  any  table,  expressive  of  the  jela^ 
tive  weights  of  the  atoms  of  diiSerent  bodies,,  can  be 
Qonstructed,  it  is  evident  that  we  jnust  ^  upon  some 
one  substance,  whose  atom  shall  be  considered  as  the 
unit  of  comparison ;  and  it  is  to  be  deeply  regretted 
that  philosophers  should  not  have  conventionally  adopt- 
ed  the  same  general  standard.  Mr.  Dalton  has  made 
election  of  Hydrogen  for  this  purpose,  because  it  is 
the  lightest  of  all  known  bodies,  and  unites  with  others 
in  the  smallest  proportion  ;  on  the  other  hand,  WoUas- 
ton,  Thomson,  and  Berzelius,  have  assumed  Oxygen^ 
from  its  almost  tmiversal  relations  to  chemical  matter, 
as  the  decimal  unit,  (the  first  making  it  10,  the  second 
1,  and  the  third  100).  Sir  H.  Davy  has  assumed  with 
Dalton  the  atom  of  Hydrogen  as  the  radix  ;  but  he  has 
qaodified  the  theory  of  supposing  water  to  be  9>f  com- 
pound of  one  proportion  (atom)  of  oxygen,  and  two 
proportions  (atoms)  of  hydrogen,  since  two  measures 
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of  the  latter  and  one  of  the  former  are  necessary  to 
form  water ;  and  on  the  supposition,  that  equal  mea-^ 
sures  of  different  gases  contain  equal  numbers  of  atoms, 
whereas  Mr.  Dalton  assumes  that  two  volumes  of  hy- 
dro<^n  contain  the  same  number  of  atoms  as  one  to- 
lume  of  oxygen.  It  is,  however,  quite  indiflferent  which 
we  adopt,  a  very  simple  process*  reconciles  them* 

265.  Bat  in  the  doctrine  of  proportions  arising  from 
facts,  it  is  not  in  the  least  necessary  to  consider  the 
combining  bodies  as  composed  of  indivisible  particles, 
we  may  reject  the  atomic  theory  altogether,  and  still 
retain  fdl  the  advantages  which  can  result  from  a  know** 
ledge  of  the  general  law  of  the  definite  nature  of  com- 
bination ;  Sir  Humphry  Davy  for  instance,  has  not 
adopted  the  theory  of  Dalton,  but  he  has  embraced  the 
doctrine  of  definite  proportions,  and  what  Dalton  calls 
an  atom  he  merely  calls  a  proportion;  while  Dr. 
Young  has  given  the  term  combining  weight  to  that 
which  Davy  calls  proportion. 

866.  To  express  the  system  of  definite  ratios,  in 
which  bodies  reciprocally  combine,  referred  to  a  com- 
mon standard  reckoned  unity,  Dr.  Wollaston  has  in- 
troduced the  term  Chemical  Equivalent^  and  in  order 
to  denote  that  these  ratios  are  reduced  to  their  lowest 
terms,  Dr.  Ure  usually  employs  the  prefix  Prime. 

867.  The  propriety  of  the  term  Equivalent  will  be 
readily  acknowledged,  when  it  is  perceived  that  as  soon 


•  Tluis  we  may  reduce  the  numbers  of  Dr.  'Wollaston  bj  the 
smple  rule  of  proportion ;  thus  as  8  (Dalton's  number  for  oxygen) 
is  to  1  (his  number  for  hydrogen)  so  is  10  (Wollaston's  number  for 
oxygen)  to  1*25,  the  number  of  hydrogen.  To  reduce  Davy's^ 
numbers  to  Wollaston,  we  have  only  to  add  one  third  i  or  to  re- 
duce Wollaston's  to  Davy^s,  to  deduct  one  fourth.  Thus  Davy 
gives  15  as  the  number  for  sulphur,  and  15  -f  &  =  ^  the  nanber 
assigned  it  by  Wollaston  $  and  vice  versa,  80  —  5  q;;  15.  . 
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as  we  have  ascertained  the  proportion  in  which  any 
two  or  more  bodies  A,  B^  C,  &c.  of  one  class,  neutral- 
ize any  other  body  X,  of  a  different  class,  it  will  be 
found  that  the  same  relative  proportion  of  A,  B,  C,  &c« 
'will  be  required  to  neutralize  any  other  body  of  the 
«ime  class  as  X.  Thus,  since  100  parts  of  sulphuric 
acid,  and*  68  (omitting  fractions)  of  muriatic  acid, 
lieutralize  118  of  potass,  and  since  100  of  sulphuric 
acid  neutralize  71  of  lime,  we  may  infer  that  68  of  mu- 
riatic acid  will  also  neutralize  71  of  lime.  In  such  a 
case  1 00  parts  of  sulphuric  acid  and  68  of  muriatic  acid, 
are  justly  said  to  be  Equhalenls  to  each  othen^  By 
adapting  a  series  of  such  numbers  to  a  sliding  rule.  Dr. 
IVollaston  has  constructed  a  scale  of  Chemical  Equiva- 
lents,t  an  instrument  which  has  contributed  more  to 

*  A  series  of  such  equivalent  or  proportional  numbers,  will  be 
found  in  the  Appendix  of  this  work. 

f  A  description  of  this  Scale  is  published  in  the  first  part  of  the 
Phil :  Trans:  for  1814.  The  different  substances  are  arranged  on 
<Hw  or  the  other  side  of  a  scale  of  numbers,  in  the  order  of  their 
relative  atomic  or  combining  weights,  and  at  such  distances  from 
each  other,  according  to  their  weights,  that  the  series  of  numbers 
placed  on  a  sliding  scale  can  at  pleasure  be  moved,  so  that  any 
number  expressing  the  weight  of  a  compound  may  be  brought  to 
correspond  with  the  place  of  that  compound  in  the  a4)aGent  co- 
lumn. The  arrangement  is  then  such,  that  the  weight  of  any  in- 
gredient in  its  composition,  of  any  reagent  to  be  employed,  or 
precipitate  that  might  be  obtained  in  its  analysis,  will  be  found 
opposite  the  point  at  which  its  reactive  name  is  placed.  For 
instance,  if  the  slider  be  drawn  upwards,  till  100  corresponds  to 
muriate  of  soda,  the  scale  will  then  shew  how  much  of  each  sub- 
stance contained  in  the  table  is  equivalent  to  100  of  common  salt. 
It  shews,  with  r^ard  to  the  different  views  of  this  salt,  that  it 
contains  46*6  dry  muriatic  acid,  and  53*4  of  soda,  or  39.8  of  sodi- 
■m,  and  13.6  of  oxygen  ;  or  if  viewed  as  chloride  of  sodium,  that 
it.contains  eO'2  chlorine  and  39*8  sodium.  With  respect  to  Re- 
agent^ it  may  be  seen,  that  983  of  nitrale  of  le^d,  containing  \%l 
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• 

iacilitate  the  general  study  and  practice  of  chenuBtrj 
than  any  other  invention,  by  having  at  once  subjected 
thouBaiMis  of  chemical  combinations  to  all  the  diepatch 
^d  precision  of  logometric  calculation. 

268.  The  most  interesting  fact,  connected  with  the 
reciprocity  of  saturating  proporti<ms,  is  that  two  neu* 
tral  salts,  in  reciprocally  decomposing  each  other  give 
birth  to  two  new  saline  compounds,  always  perfectly 
neutral^  no  eaccess  of  acid  or  of  base  ever  occurring  in 
the  interchange  of  principles  ;  thus,  if  100  parts  of  ni- 
trate of  baryta,  which  ccmtain  41  nitric  acid,  and  59 
baryta,  be  mixed  with  67  of  su^hate  of  potass,  which 

of  litharge,  employed  to  separate  the  muriatic  acid,  would  yield 
a  precipitate  of  8S7  of  muriate  of  lead,  aad  that  there  would  thea 
remain  in  solution  nearly  146  nitrate  of  soda.  It  may  at  the  same 
time  he  seen,  that  the  acid  in  this  quantity  of  salt  would  serve  to 
make  SSS  corrosive  suhlimate,  containing  185*5  red  oxide  of  mer- 
cury ;  or  make  91*5  muriate  of  ammonia,  composed  of  62  muri- 
atic acid  gas  (or  hydromnriatic  acid)  and  2^*5  ammonia.  The 
"scale  also  shews,  that  for  the  parpose  of  ohtaining  the  whole  of 
the  acid  of  distillation,  the  qnantity  of  oil  of  vitriol  requited  h 
nearly  84,  and  that  the  residuum  of  this  distillation  would  he  122 
dry  sulphate  of  soda,  from  which  might  he  ohtsdned,  hy  crystal- 
lization, 277  of  Glanher^s  salt,  containing  155  water  of  crystalli- 
zation. These,  and  many  more  such  answers,  appear  at  once  hy 
bare  inspection,  as  soon  as  the  weight  of  any  substance  intended 
for  examination  in  made,  by  motion  of  the  sHder,  to  correspond 
with  its  place  in  the  adjacent  column.  "With  respect  to  the  me- 
thod of  laying  down  the  divisions  of  this  scale,  those  who  are  ac- 
customed to  the  nse  of  other  sliding  rules,  and  are  practically 
acquainted  with  their  properties,  will  recognise  upon  the  slider 
itself  the  common  GwUer^s  Hne  of  numbers,  and  will  be  satisfied 
that  the  results  which  it  gives  are  the  same  that  would  be  obtained 
by  arithmetical  computation.  The  instruments,  together  with 
printed  directions  for  its  use,  may  be  purchased  at  a  trifling  ex- 
pense, of  Mr.  Cary,  Optician,  London,  and  it  ought  to  be  con- 
sidered as  indispensable  in  the  laboratory  of  the  Chemist  as  well 
as  in  the  study  of  the  Philosopher. 
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consist  of  90  of  sulphuric  acid,  and  97  of  potass,  there 
will  be  found  89  of  sulphate  of  baryta,  and  78  of  nitrate 
of  potass;  so  that  41  of  nitric  acid  will  combine  with 
the  97  of  potass,  and  90  of  sulphuric  acid  with  the  59 
of  baryta. 

269.  When  one  proportion  (or  atom)  of  one  sub- 
stance is  combined  with  more  than  one  proportion  of 
another,  the  fh^t  proportions  may  be*  separated  with 
much  more  facility  than  the  last.  If,  for  instance,  the 
black  oxide  of  manganese  be  exposed  to  a  strong  heat, 
It  gives  off  oxygen  gas,  and  becomes  brown ;  but  no 
heat,  as  ycft  applied,  is  capable  of  depriving  it  of  the 
whole  of  its  oxygen ;  thus,  again,  the  carbonate  of 
soda,  which  contains  two  porportions  of  carbonic  acid 
to  one  of  soda,  gives  off  half  its  carbonic  acid  with 
great  readiness,  by  heat,  {Exp.  98.)  but  obstinately 
retains  the  other  half. 

270.  This-  fact  will  explain  several  phsmomena  in 
chemical  affinity,  which  were  referred  by  Berthollet  to 
the  influence  of  mere  qufuitity  (237) ;  for  it  would  ap- 
pear that  a  base  will  have  different  attractive  powers 
with  respect  to  the  first,  second,  and  third,  &c.  propor- 
tions of  the  body  with  which  it  is  combined ;  hence, 
where  a  super^  or  stA  salt  is  readily  formed,  a  sub- 
stance less  strongly  attracted  by  another  than  a  third, 
will  sometimes  precipitate  this  third  from  its  combina- 
tion vrith  the  second  ;  in  this  manner  the  oxide  of  lead 
decomposes  the  nrariate  of  soda,  formii^  a  snb  muriate 
of  lead ;  the  tartaric  acid,  in  like  mamier,  decomposes 
the  salts  of  potass,  forming  super-tartrate  of  potass ; 
and  the  carbonic,  the  sub-acetate  of  lead,  leaving  the 
acetate.  A  saline  draught  also,  consisting  of  the  acetate 
of  ammonia,  is  decomposed,  and  made  pungent  by  the 
addition  of  pure  magnesia,  which  latter  substance 
stands  below  ammonia  in  the  order  of  elective  attrac- 
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lions ;  the  magnesiay  probably,  in  this  case,  fonningii, 
triple  acetate  with  one  part  of  the  ammonia,  and  setting 
the  rest  at  liberty.* 

27L  When  one  proportion  of  a  body  is  combined 
with  two  or  more  proportions  of  another,  it  would 
seem  to  enter  with  more  difficulty  and  reluctance  into 
new  combinations,  than  when  it  is  combined  with  one. 
proportion  only.  Thus,  iron  combined  with  two  pro- 
portions of  sulphur,  as  in  the  golden  pj/riieSy  is  not 
acted  upon  by  diluted  sulphuric  acid ;  but  when  com« 
bined  only  with  one  proportion  of  sulphur,  as  in  the 
common  artificial  sulphuret  of  that  metal,  it  is  very 
readily  acted  upon. 

272.  It  seems  firom  these  facts  that  two  or  more 
proportions  of  one  body  attract  a  single  proportion  of 
another  body  with  more  energy  than  one  proportion, 
and  that  two  proportions  or  more  adhere  to  a  single 
proportion  with  less  energy  than  one  proportion ;  or  at 
least  that  a  second  or  a  third  proportion  adheres  with 
less  energy  than  the  first. 

273.  It  may  possibly  be  said,  observes  Sir  H.  Davy^ 
firom  whose  workt  the  -above  statement  has  been  quoted^ 
that  the  efiect  of  two  or  three  proportions,  in  defending 
one  proportion  from  the  action  of  a  new  substance, 
may  depend  upon  mechanical  causes,  firom  their  more 
completely  enveloping  its  parts;  but  the  other  solution 
of  the  efiect  seems  to  be  most  probable. 

.  2T4.  Amongst  the  numerous  practical  uses  to  which 
the  doctrine  of  equivalents  may  be  applied,  that  which 
enables  the  pharmaceutist  to  estimate  the  value  and 
strength  of  certain  preparations  is  not  the  least  im- 
portant. By  such  means,  for  instance,  he  may  easily 
""^^^""^"^"""■"^■"■"""^      ■^^^— — ^■^— ■^«^^"^— i— •— ^■— — — ^«^w— ^1^^— ^•»»^»^«^«i»«««««^»i«»^» 

*  Pharmacolooia,  vol.  1. 

t  Elements  of  Clieraical  Philosophy. 
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ascertain  the  quantity  of  real  hydro-cyanic  acid  in  any 
dilute  solution ;  thus,  since  the  equivalent  number  of 
bydro-cyanic  acid  is  exactly  one-eighth  of  that  of  the 
peroxide  of  mercury,  and  as  this  acid  combines  in  the 
proportion  of  two  of  the  former  to  one  of  the  latter,  we 
have,  at  once,  the  relation  of  one  to  four  in  the  forma*- 
tion  of  this  comppund.  Hence  it  is  evident,  that  if  to 
a  hundred  grains  of  diluted  hydro-cyanic  acid,  we  add 
in  succession  small  quantities  of  the  peroxide  (redpre^ 
eipitate}  until  it  ceases  to  be  dissolved  on  agitation^ 
the  weight  of  the  oxide  so  dissolved,  being  divided  by 
four,  will  give  a  quotient  representing  the  quantity  of 
real  hydro-cyanic  acid  present.  In  like  manner  we  may 
estimate  the  quantity  of  real  acetic  acid  present  in  any 
given  sample  of  distilled  vinegar,  for,  since  carbonate 
of  lime  and  the  last  mentioned  acid,  have  the  same 
representative  number,  it  is  plain  that  the  quantity  of 
the  former  which  is  dissolved  by  a  hundred  grains  of 
the  sample,  will  represent  the  percentage  of  real  acid. 
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ON  HEAT,  OR  CALORIC. 


^MHrfM^a 


S75*  The  tenns  heat  and  coldj  as  denoting  certaiq 
flensations  excited  by  bodies  applied  to  our  organs^ 
although  incapable  of  strict  definition,  are  too  wdl 
known  to  require  explanation.  Of  the  nature,  how- 
ever, of  the  cause  which  excites  heat  we  have  no  sotis- 
fiu:tory  evidence.  Some  phUosophers  have  regarded  it 
as  an  independent  fluid,  of  inappreciable  tenuity,  ca- 
pable of  insinuating  itself  between  the  particles  of  the 
most  dense  matter ;  while  others  hove  desued  the  sepa^ 
rate  entity  of  a  calorific  element,  and  have  referred 
all  the  phsenomena  exhibited  by  heated  bodies  to  a 
vibratory y  or  intestinal  motion  of  the  particles  of  com- 
mon matter.  The  former  opinion  appears  to  be  the 
one  best  calculated  for  explaining  the  phsenomena; 
but  it  is  quite  unnecessary  for  the  student  to  enter  upon 
the  investigation ;  for  whatever  may  be  the  nature  of 
this  power,  its  existence,  as  the  cause  of  certain  efiects, 
is  clearly  demonstrated;  and  these  effects,  their  rela- 
tions to  each  other,  and  the  general  laws  according  to 
which  they  are  produced,  may  be  investigated  with 
sufficient  precision,  and  equal  advantage,  although  the 

nature  of  the  cause  *  should  remain  wholly  unknown. 

-*  ,,    --        ■  — 

*  In  an  elementary  work  it  will  be  convenient  to  make  use  of 
the  popular  language,  and  to  speak  of  heat  as  exi$Hng  in  bodies 
in  greater  or  smaller  proportions,  without  meaning  thereby  to 
decide  on  the  question  of  its  materiality. 
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976.  To  this  power,  whatever  it  may  be,  as  well- 
as  to  the  sensation  which  it  excites,  the  term  HetU  was 
formerly  qipliedi  But^  since  there  was  an  obvious 
impropriety  in  confounding  under  one  common  name, 
two  things  so  distinct  as  cause  and  effect,  the  terms  mat'^ 
ter^fheaij  igneous  Jluid^  or^re^  have  been  employed 
to  designate  the  former,  but  which  are  now  universally/ 
superseded  by  the  less  exceptionable  appellation  of 
CahriCy  or  Calorific  Repulsion,  Nevertheless,  in  order- 
to  avoid  the  too  frequent  repetition  of  the  same  wordy 
the  term  heat  is  still  occasionally  employed  in  workd 
on  Chemistry,  not  only  to  express  the  sensation  which 
that  word  popularly  denotes,  but  also  some  of  the 
modifications  of  the  unknown  cause  by  which  it  is 
produced. 

277.  Besides  the  power  which  caloric  possesses  of 
exciting  the  sensation  of  heat,  philosophers  have  long 
observed  that  all  bodies,  submitted  to  its  influence, 
expand^  or  undergo  an  augmentation  in  volume  iii' 
every  direction,*  and  that  when  they  are  again  cooled 


■^■ 


*.  We  therefore  perceive  the  importance  of  attteading  to  the* 
temperature  of  a.  body,  wfaea  we  wish  to  estimate  its  specific  gra^ 
Ttty.  (81.)  The  property  which  caloric  possesses  of  expanding 
bodies  is  attended  with  advantage  in  some  of  the  branches  of  art<. 
and  with  extreme  inconvenience  ia  others;  the  wheelwright  and- 
the  cooper  are  thus  enabled,  by  applying  the  iron  hoops  hot,  to 
make  them  grasp  much  tighter;  a  curious  application  of  the  same 
principle  was  made,  some  years  ago,  for  the  purpose  of  drawing 
aspire  into  the  perpendicular-;  iron  bars. attached  to  clamps  were 
fixed  to  the  inclining  object,  and  after  effecting  all  that  could  be 
done  by  mechanical  force,  the  bars  were  heated,  and  then  allowed 
to  cool,  when  by  their  contraction  they  exerted  so  considerable 
a  force  as  to  accomplish  the  object.  Oa  the  other  hand,  it  » 
well  known  what  inconvenience  and  inaccuracy  result  from  the 
opeiatioa  of  this  force  in  machinery.  The  chemical  student  will 
require  no  experiment  to  illustrate  the  snbject;  however  great 
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their  Tolumes  are  dimiiushed  to  tbeir  origtfilil  diiMn- 
ftkms;  hence  it  is  eyident  thai  caloric  has  a  comaUuH 
tendency  to  separate  the  particles  of  bodies^  and  is  ac*- 
cordingly  to  be  regarded  as  the  repuliive  power  which 
is  constantly  opposed  to  the  force  otaiiraeium* 

S78.  There  is  one  important  exception*  to  this  law 
of  expansion  by  heat,  in  the  refrigeration  of  water^ 
whose  density  is  oniformly  increased  by  the  abstraction 
of  heat  until  it  reaches  the  temperature  of  40*,  when  it 
not  only  ceases  to  increase  in  density,  but,  on  the  goih 
trary,  actually  becomes  of  less  and  less  specific  graviiy, 

may  be  his  caution,  be  will  necessarily  experience  the  frequent 
destruction  of  his  glass  apparatus  from  the  expansive  force  of 
caloric.  It  may  be  instractiTe,  as  well  as  practically  useful,  to 
inform  him  in  what  manner  such  accidents  happen.  Gkas  is  a 
bad  conductor  of  heat,  (Exp.  99),  when  therefore  any  hot  fluid  is 
Introduced  into  a  vessel  of  this  kind,  of  moderate  thickness,  the  in* 
terior  surface  expands,  while  from  the  exterior  remaining  unaltered, 
a  fracture  of  the  parts  necessarily  ensues.  To  prevent  such  an 
accident  the  glass  should  be  very  thin,  so  as  to  ensure  the  simul- 
taneous expansion  of  the  whole  mass,  or  the  vessel  should  be  gra- 
dually heated  in  order  to  allow  the  same  effect  to  take  place  more 
slowly.  A  similar  exphuiatioa  will  apply  to  the  accidents  which 
occur  on  pouring  a  cold  fluid  into  a  heated  glass  vessel. 

*  Other  exceptions  have  been  enameiated,  but  they  ice  only 
apparent  ones,  depending  upon  some  diemieal  dtange  la  the  oe»> 
stitntion  of  the  bodies,  or  on  their  crystalline  amogennnlSb  Thai 
clay  contracts  considerably  in  dimension  by  a  very  intonse  heat^ 
and  on  the  measure  of  its  contractions  the  Pyrometer  of  Wedge* 
wood  is  founded  9  but  in  this  case  the  clay  first  gives  off  watery 
which  was  united  to  its  parts,  and  aflerwards  these  parts  eohera 
together  with  greater  force,  and,  firom  being  in  a  state  of  loose 
aggrogatiouy  become  stron^y  united.  Certain  saline  solulifMS 
also  expand  at  the  moment  they  become  solid,  but  this  is  to  be 
explained  by  the  fact  that  the  same  weight  of  matter  will  occtqpy 
much  more  space,  by  leaving  greater  interstices,  when  its  patticks 
are  arranged  in  certain  forms.  The  fact  is  the  same  with  regard 
to  cast  iron,  blsmnth,  and  antimony* 


iM  die  caloric  id  fiirth^  abto^ted'  l>y  iht  cold  atmos«  , 
(Aere,  Tb^  studtot  may  sati^  Umself  of  the  truth' 
of  diis  fact  by  examining  water  in  a  deep  vessel,  at  the' 
fime  ice  isfbrniing,  when' it  will  be  found  to  be  a  little^ 
wanner  at  the  bottom  thaii  at  the  surfitce*  It  will  be 
^orth'  while  to  inquire  why  this  general  law  of  nature 
has  been-  departed  from  in  this  instance,  and  to  con* 
dider  ^at  woUld  have  been  the  result,  had  water  beenr 
subjected  to  the  same  law  with  other  bodies.  It  ha? 
bisen  just  remarked,'  that  as  "wratelr  loses  caloric  it  be« 
Pontes  more  and  more  dense  Until  it  is  cooled  down  to 
about  40* ;  but  if  no  check  had  been  given  to  this  pro-< 
idesB,  and  the  density  of  water  had  continued  to  increase 
vnttlit  came  down  to  39^,  the  superfrcial  stratum  would 
have  continued  to  descend,  followed  by  others  in  quidc 
succession,  and  a  body  of  ice  would  have  first  formed 
1^  the  bottom  instead  of  at  the  surface  of  owr  lakes  and 
rivers.  This  would  have  accumulated  with  such  ra- 
pidity, that  one  severe  winter  might  have  converted 
the- whole  of  the  rivers  of  Europe  into  as  itiany  soli<P 
masses  of  ice.  +  There  is  another  obvious'  advan« 
Ckkge  attending  this  important  contrivance.  The  sheet 
of  ice  which  ofl^n'  covers  th&  small  seas,  as  well  as  the 
rivers  and  the  lakes,  not  only  preserves  a  vast  body  of 
calorie  in  the  suljacent  water,  but  when  it  thaws,  the' 
fish  are  not  destroyed  by  the  cold ;  for  not  a  particlcf 
<yf  the  cold  surfiu:e«water  can  descend,  until  a  change 
ili  the  temperature  of  the  atmosphere  hasr  taken  place, 
so  as  to  raise  the  temperature  of  the  whole  of  the  water' 
at  least  ten  degrees. 

27d.  By  the  term  Temperatnre  we  understand  the' 
state  of  a  body,  in*  relation  to  its  power  of  eifciting  the' 
sensation  of  heat,  and  of  occasioning  expansion ;  but, 

our  sensations,  from  causes  to' be  hereafter  explained, 

t  P*arke*f  Chemical  Elsnys,  vol.  1.  oa  TrmperatciTe, 
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are  too  fallacious  to  furnish  a  correct  estimate  of  the 
former,  we  are  compelled,  in  order  to  derive  any  pre- 
cise notion  of  temperature,  to  rely  upon  the  degree  of 
expansion  produced  in  some  one  body,  which  has  beei^ 
previously  fixed  upon  as  a  standard  of  comparison ; 
and  it  is  upon  this  principle  that  the  instrument  in- 
yented  by  Sanctorius,  and  prqperly  termed  the  iher' 
mometer^  is  constructed,  and  used  as  a  common  mea- 
sure of  temperature. 

.  SSO.  It  would  appear  that  the  phenomena  of  Cato" 
ric^  in  one  essential  circumstance,  resemble  the  habi- 
tudes of  common  matter ;  for  it  may  be  proved  to  exist 
in  two  very  different  states, — in  that  of  freedom,  when 
it  is  capable  of  afiecting  us  with  the  sensation  of  heat, 
and  of  producing  expansion ;  and  in  a  combined  state^ 
in  which  it  ceases  to  be  cognizable  by  our  senses,  or  by 
the  thermometer.  In  the  former  case  it  is  distinguished 
by  the  terms  Jree^  or  uncombined  caloric^  or  caloric 
of  temperature ;  in  the  latter,  by  those  of  latent^  or 
combined  caloric^  or  sometimes,  for  reasons  that  will 
hereafter  become  apparent,  caloric  ofjluidittf. 

S81.  The  constant  tendency  which  caloric  possesses 
to  difiuse  itself  over  matter,  until  an  equilibrium  of 
temperature  is  established,  is  a  property  no  less  striking 
and  obvious  than  that  of  producing  expansion ;  thus, 
if  a  number  of  bodies  of  different  temperatures  are 
placed  in  contact  with  each  other,  they  will  all,  in  a 
certain  period,  acquire  a  mean  temperature ;  the  calp« 
ric  of  the  hottest  body  will  diffuse  itself  among  those 
which  are  heated  in  a  less  degree,  till  they  have  all 
squired  the  same  temperature.  This  law  is  too  &mi- 
liar  to  require  illustration.  If  we  wish  to  heat  a  body 
we  carry  it  towards  the  fire,  if  to  cool  it,  we  surround 
it  with  cold  substances.  This  propagation  of  caloric 
takes  place  even  through  the  Torricellian  vacuum ;  and 
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it  k  evidently  owing  to  its  repulsiVe  power  Vhich  con- 
stantly tends  to  an  equilibrium; 

S82.  Although  when  bodies  of  higher  temperature 
than  others  are  brought  into  contact  with  each  other^ 
the  heat  is  propagated  from  the  first' td  the  secodd,  or 
the  colder  body  deprives  tfaie  Warmer  of  it^  excess  of 
heat^  yet  some  foodies  do  so  ^th  much  greater  celerity 
tlmn  others.  Through  some,  caloric  passes  with  un« 
diiainished  velocity,  through  dthcir^  its  pasMge  is  pro* 
digiously  retarded.  This  disposition  of  bodies  to  re- 
orive  and  part  with  caloric^  is  called  tke  power  of  eon* 
ducting  heat,  and  a  body  is  said  to  be  a  better  or  worse 
conductor  of  heat,  in  proportion  to  the  greater  or  less 

celerity  with  which  this  process  takes  place. 

-         •        .  . 

Exp.  39.— -Coat  two'  rods  of  equal  length  and  thick- 
ness, the  one  of  glass,  the  other  of  iron,  with  wax, 
at  one  end  of  each  only ;  and  then  apply  heat  to 
the  uncoated  extremities.  The  wax  will  be  melted 
much  sooner  (M  the  end  of  the  iron  rod,  than  on 
the  glass  One ;  because  the  heat  will  travel  along 
the  iron  with  much  greater  rapidity  thaii  along  the 
glass,  the  former  being  a  better  conductor  than 
tbe  latter.  This  experiment  may  be  varied  in  a 
very  pleasing  manner,  by  substituting  a  small  piece 
of  phosphorus  for  the  wax,  which  will  be  found 
to  inflame  at  different  periods  on  the  ends  of  th<9 
different  rods.    Or, — 

Exp.  40. — Procure  sltoder  cylinders  of  silver,  of 
glass,  and  of  chai'coal,  of  eqital  dimensions,  and 
hold  their  extremities  in  the  central  part  of  the 
flame  of  a  candle,  the  silver  will  rapidly  become 
heateil  throughout,  and  cannot  be  held  in  the 
hand;   through  the  glass  the  heat  will  be  more 
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liovAf  (mnmimcttted ;  but  the  ehiucfSod  uriU  l>«t 
come  red  hot  at  the  one  extremiiy  long  before  usjf 
bent  18  felt  at  the  othePf 

2ML  To  thU  diftrabQe  in  the  oondhictinf  power  of 
bodies  is  to  be  aitribnted  the  different  intenaicy  .^tb 
which  diiereDt  bodka,  at  the  saiae  tempeEatiue,  ^Awt 
D0 ;  a  fact  which^  in  itaelf,  mast  be  auflScient  to  tender 
U8  wholly  incffMbb  of  apprecialing  the  amonnt  of  tem* 
peratme  by  our  BeosaliooB ;  ihus,  ifweafifdy  diehand^ 
in  aucceflston,  la  a  number  of  bodies,  aach  as  wDod| 
iron,  marUe,  &c.  they  wiU  appear  cold  in  xerj  diAbrmt 
degrees;  and  as  this  sensation  is  occasioned  by  the 
passage  of  caloric  out  of  the  hand  into  the  body  whiiob 
it  touches,  that  body  will  feel  the  coldest  which  carries 
away  the  h^at  with  the  greater  celerity,  or  which,  in 
Other  words,  is  the  best  conducUir.  For  the  same 
reason,  if  these  bodies  have  a  temperature  consideiably 
above  that  of  the  hand,  the  best  conductor  mil  be  the 
hottest  to  the  touch ;  it  is  thus  that  the  money  in  our 
pockets  often  feels  hotter,  after  standing  b^ore  the  fire, 
than  the  clothes  which  contain  it.  The  heat  of  metals 
at  the  temperature  of  ISO^  fah.  is  scarcely  supportable } 
water  will  scald  at  150^,  but  air  may  be  heated  tp  S40* 
without  being  painful  to  our  oigasis  of  saosc^ion.  Dn 
Fordyce  remained  for  a  considerable  time,  and  without 
great  inconvenience,  in  a  room  heated  by  stoves  to  CCO", 
but  the  lock  of  the  door,  his  watch  ^nd  keys  lyi^g  on 
the  table,  could  not  be  touched  without  burning  his 
hand.  It  is  for  such  a  reaB(»i  that  we  fiimish  metallic 
vessels  with  wooden  handles,  or  interpose  a  stratum  of 
ivory  or  wood  between  the  hot  vessel  and  the  metallic 
handle,  by  which  means  the  transfer  of  heat  is  i>re* 
vented. 
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WMt.  The  power  which  air  passesses  of  abstracting 
hmXy  19  Ukewifle  compiuradTely  very  little ;  in  the  high 
4|prtheri|  latitudes  a  ccdd  has  been  experienced  without 
injury,  in  which  mercury  froze  \  but  if  in  this  state  of 
the  atmoepheie  metallic  substances  wese  touched,  the 
part  was  immediately  biislored.*  This  fact  of  the 
feeble  conducting  power  of  air  has  been  turned  to  a 
very  useful  account  in  a  variety  of  instances ;  hence 
the  origin  and  utility  of  double  doors,  and  double  win- 
dows, which  infold  sheets  of  air  between  them,  and  so 
preserve  the  i^Mrtments  at  one  uniform  temperature. 
Iee*bou8es  are  thus  also  surrounded  by  a  stratum  or 
partition  of  air,  in  order  to  prevent  the  warm  atmos- 
phere from  entering  and  melting  the  ice.  On  the  same 
principle  Mr.  Buchanan  has  recommended  the  protect- 
ing of  water-pipes  from  freezing,  by  inclosing  them  in  tin 
pUue  tubes,  leaviqg  a  space  of  abQUt  an  inch  all  round 
ihe  leaden  pipes*  In  like  maoner,  certain  culinary  and 
pharmaceutical  utensils  are  fitted  up  with  double  covers 
of  block  tin  or  copper,  and  it  is  found  that  in  such 
vessels  any  fluid  will  boil  sooner  than  it  would  in 
others,  and  will  also  be  preserved  at  any  particular 
temperature  by  the  consumption  of  less  fuel  than  would 
be  required  if  they  were  covered  only  with  simple 
lids. 

285.  The  conducting  power  of  air  is,  however,  ma- 
terially increased  by  the  presence  of  moisture ;  hence 
the  cold  which  is  experienced  in^a  humid  atmosphere, 
and  the  sensation  which  is  so  generally  felt  at  the  com- 
mencement, of  a  thaw,  when,  notwithstanding  the  abso- 
lute elevation  of  temperature,  it  appears  to  be  colder 
than  during  the  frost. 

*  Intense  cold  produces  upon  our  organs  the  same  destri|C^iye 
effect  as  best,  and  the  sensation  which  attends  it  is  not  to  he  dis* 
tinfuisbed  from  burning. 
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\  886.  From  this  view  of  the*  different  conduciing 
powers' of  different  bodies,  die  fitness  of  diflerent  Iditds 
of  clothing  for  their  respective  purposes  will' become 
'apparent..  Animal  and  vegetable  substances,  ingenerid, 
•are  very  bad  conductors ;  thus  the  hair'  and  wool  of 
'animals,,  and  the  feathers  of  birds,  *  are  admirably 
adapted  for  protecting  them  from  the  cold,  and  they, 

*  Of  s^ll  these  substances  the  one  which  possesses  the  strongest 
power  of  resisting  the  passage  of  heat  is  the  dpwn  which  covers 
the  breast  of  the  Eider  Duck,  a  bird  peculiar  to  cold  climates. 
.Had  not  the  breast  of  this  luiimal,  which  is  conslaiitly  exposed  to 
the. contact  of  intensely  cold  water,  been  supplied  with  sueh  a 
protection,  its  internal  heat  would  have  been  rapidly  carried  off 
^by  the  colder  medium,  and  the  bird  must  inevitably  have  perished. 
Nearly  the  same  fact  is  observable  in  the  young  swan  or  cygnet. 
From  the  physiologist  we  may  derive  innumerable  facts  in  further 
illustration  of  this  important  subject  It  was,  for  instance,  a  mat- 
ter of  great  importance  that  the  cUatHeui*  of  the  egg  should  be 
preserved  in  a  uniform  temperature,  and  that  it  shovld  not  be 
rapidly  cooled,  during  the  occasional  absence  of  the  bird;  an  ac- 
cident  against  which  Nature  has  provided  by  surrounding  it  wit|i 
an  albuminous  fluid  of  remarkably  slow  conducting  power.  We 
find,  upon  the  same  principle,  that  those  fish  that  are  remarkable 
'for  retaining  their  vitality  long  after  their  removal  from  their 
native  element,  as  Eel  and  Teneh;  have  the  power  of  secreting  a 
slimy  fluid  with  which  they  envelope  their  bodies,'  and  thus  pie- 
vent  the  destructive  diminution  of  temperature  which  woald 
otherwise  occur ;  while,on  the  contrary,  those  which  do  no^possess 
this  power,  as  Maekarel,  &c.  quickly  perish  after  they  are  drawn 
on  shore.  The  common  garden  snail  is  indebted  to  its  profusion 
of  slime  for  a  similar  protection  against  cold.  In  some  cases,  per- 
*hap8,  a  prodigious  accumulation  of  fat  may  answer  the  same  end, 
thus  the  Sauru9  GUud»  which  is  the  Attest  of  all  firesh-water  fish, 
growing  to  the  weight  of  300  lbs.  lives  for  a  long  time  after  it  is 
taken  out  of  the  water.  Fat,  like  the  c^Us  in  which  it  is  depo- 
sited, is  a  very  bad  conductor  of  heat.  It  is  a  well  known  fact 
.  that  excessively  corpulent  persons  scarcely  feel  the  severe  cold  of 
wintcri  .  In  the  same  manner  the  oil  of  the  cetaceous  tribe  is  nq 
doubt  intended  tu  preserve  the  temperature  of  the  anitnal.'        * 
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-inoreoVer,  incloefe  and  retain  air,  which  being  a  still 

-'worse'  condtictor,  enhances  the  effect.'    For  the  same 

'purpose  We  wrap  our  bodies  in  woollen  garments,  and 

*the  air  inclbsed  iti  their  folds,'  greatly  enhances  their 

'utilify ;  hence  l6o6e  clothing  is  generally  wanner  than 

-that  which  is  fitted' to 'the  body ;  the  tight  great  coat 

mAj  contribtite  to  the  omaihent,  butnot  to  the  comfort 

-of  our  pettohcl,  i^d  is  in  direct  opposition  to  the  effect 

which  it  was  intend^  to  produce. 

*    S87.    In  general,  it  may  be  stated,  that  the  most 

'dense  bodies  are  the  best  conductors  of  heat,  thus  the 

metals  conduct  better  than'  any  other  solids ;  gases  are 

worse  conductors  than  fluids,  and  fluids  than  solids ; 

but  there  are  many  important  exceptions  with  respect 

to  this  correspondence  between  conducting  power  ai^d 

dehrity,  aYid  a  remarkable  one  is  affiirded  in  the  densest 

known  body  in  nature.  Platinum^  which  is  perhaps  thb 

'worst  conductor  amongst  thie  metals. 

ilSd.    Liquid  and  aeriform  bodies  transmit  heat  on 
a  diflferent  principle  from  that  which  .regulates  its  pro- 
pagation, through  solids,  9t3.  by  an  actual  change  in 
{ the  situation  of  their  particles,  they  may  therefore  be 
said  to  carry ^  rather  than  to  conduct  heat.    The  por- 
'tion  of  the  fluid  which  is  the  nearest  to  the  source  of 
-heat  expands,  and,  consequently  becoming  specifi^fally 
lighter,  aecends,  and  is  replaced  by  a  colder  portion 
*fr6m  above.    This,  in  its  turn,  b^com^  heated  ancl 
'  dilated,  and  gives  way  to  the  second  colder  portion ; 
'and  thus  the  process  proceeds,  as  long  aa  the. fluid  ig 
-^  capable  of  imbibing  heat.     This  is  ilhistraled  by  9^ 
^ery  simple  experiment.  , 
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Esp.  Al.~Le(  •  ^eflosible  theraoiMier  (an  oir  tt^^ 
moineter)  be  inverted  in  a  iraaael  f^  water^  so  ibat 
tlie  extremity  of  the  bulb  is  barely  beneath  the 
turfai^e ;  then  pour  a  litt]#  lether  upon 
the  water  so  as  to  foran  a  atratURi  abont 
one^eigbth  of  an  inch  above  Uie  ibev* 
mproeteri  and  let  the  lether  be  inflamedy 
as  represented  in  ih^  annexed  ^ure. 
However  delicate  may  be  the  thmno* 
meter,  the  air  in  it  will  not  soon  ex- 
pand ;  the  «ther  boils  violently,  but  a 
very  long  prooeq^  of  thia  kind  is.  ra« 
\  quinsd  to  conununicane  any  MWrihle 
beat  to  the  water. 


£89.  From  such  facts  Count  Rumford  concluded, 
jthat  water  ia  a  perfect  non-conductor  of  caloric,  pro- 
pagating it  in  one  direction  only,  ots*  upwards,  and 
that,  in  consequence  of  the  motions  which  it  occasions 
among  the  particles  of  the  fluid.  This  inference,  how- 
.ever,  has  been  set  aside  by  the  inquiries  of  Dr.  Thomson 
and  Dr.  Murray,  firctn  which  it  appears  that  water  is 
a  conductor,  though  a  v^  slow  and  imperfect  one. 

290.  Besides  these  modes,  by  which  changes  of  tem- 
perature amongst  bodies  are  propagated,  either  by  calo- 
ric being  conmiunicated  from  particle  to  particle,  or  by 
its  being  tr^isported  by  change  of  place  in  the  matter 
which  receives  it,  or  from  which  it  is  abstracted,  there 
is  atill  another  mode, — that  by  Rauiatioj^,  or  projec- 
tion from  the  surface  of  bodies,  in  right  lines,  with  ex- 
treme Telocity ;  and  it  may  be  stated,  in  general  terms, 
that  one  half  of  the  caloric,  lost  by  a  heated  body, 
escapes  by  radiation,  and  that  the  rest  is  carried  off  by 
the  ambient  ^(mosphere. 
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fPlt  Tl^e  e£B^t  nw  pacceive  in  apprdacUng  a  fii^ 
jchiefly  na^to  iSrofii^  i^^a^tm ;  and  is  liule  coim«ete4 
with  the  immediate  conductiug  power  of  the  air ;  and 
if  «  qmcavvd  me^Ue  ftiirrcMr  be  held  opposite  to  the 
'fifi^  »  heating  atid  luoiinous  focus  will  be  obtained. 

•^98.  The  pB0€^«i9  of  radiation  ^Bpeara  to  be  con* 
aUii^y  going  on  fiom  the  ffurfaoe  of  tbe  Earth ;  aph«e^ 
pptnfiBCUHi  wldjCh  is  tendered  particularly  obvioua  frooi 
itg  effects  during  the  nighty  especially  When  the  sky  i^ 
ctoudjesB,  f<Mr  a  covering  of  clouda  8(»rves  as  ^  tnantle 
fo  4he  Earthy  md  pi^yents  the  free  escape  of  radiant 
}m^x*  Vndey  feyouiiaMe  circumstances,  it  has  beel» 
sheifm  bjy  Dr.  Wells,  that  the  temperature  of  the  ground^ 
specially  when  its  covering  is  tonosA  of  some  substwce 
fhi^  radiates  freely,  is  several  degrees  bdow  that  of  the 
atmpspheric  sti^tum,  a  few  feet  above  it  It  is  this 
diminished  temperature  of  the  JBartVs  mlr&c^,  that  oc? 
fMsions  the  deposition  of  dew  and  hoar  frosty  which 
luns  always  pbsery^  to  be  most  abundantly  fiMrmed 
under  a  clear  unclouded  sky. 

89S.  It  has  been  satisfactorily  shewn  by  Professor 
Leslie  that  the  phssnomena  of  radiation  aie  connected 
srith  the  nature  of  the  radiating  surface;  and  that  those 
wrfeces  vhWh  radiate  most,  are  also  gified  in  the 
^neatest  decree  with,  what  has  been  termed,  their  ah^ 
sarbing  pawer.  In  other  words,  those  bodies  that  have 
iheif  temperatures  most  easily  raised  by  radiant  heat 
are  likewise  those  that  ace  most  easily  cooled  by  their 
pwn  radiation;  unmetallic  and  unpolished  surfaces  are 
the  best  radiators,  and  also  the  best  peceivors  of  radiant 
heat;  while  polidied  metallic  suHaees  are  the  wcMrst 
radpKCora,  and  have  the  lowest  absorbing  powers.  In 
th^  ingenious  experiments  of  Professor  Leslie  it  was 
found,  that  a  clean  metallic  surface  produced  an  eflect 
=  18  upon  the  thermometer ;  when  covered  with  a  thin 
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coat  of  glue  its  radiating  power  was  so  far  increased  as 
to  produce  an  effect  r:flO;  and,  on  coyering  it  widi 
lamp-black,  it  became  ^  100. 

894.  These  doctrines  of  radiant  heat  admit  of  sdme 
highly  usefiil  applications  to  the  various  processes  of 
furt.  it  is  evident,  for  instance,  that  vessels  which  are 
intended  to  retain  their  heat,  as  those  emplojed  for  the 
purposes  of  infusion,  &c.  should  be  metallic  and  highly 
polished,  while  those  parts  which  are  to  receive  heat 
should  be  blackened,  and  not  polished ;  and,  indepen* 
tLent  of  elegance  and  delicacy,  there  is  a  reason  obvious^ 
Irom  the  preceding  facts,  why  metallic  vessels  for  the 
purposes  of  the  table,  should  be  kept  as  bright  as  poe« 
iBible.  Steam  or  air  pipes  for  warming  houses  diould 
be  polished  in  those  parts  where  the  heat  is  not  required 
to  be  communicated,  and  covered  with  some  radiating 
substance,  such  as  lamp-black,  or  plumbago,  in  those 
rooms  which  are  to  be  heated  by  them.  For  the  tame 
reason.  Count  Rumford  has  stated,  that  the  heated 
surfaces  of  fire  places  or  stoves  should  not  be  metallic ; 
but  of  stony  or  earthy  materials,  for  in  that  case  much 
more  heat  will  be  thrown  into  the  apartment  by  radia- 
tion. The  inquiry  respecting  radiant  caloric  presents 
a  wide  and  interesting  field  for  speculation;  but  I  have 
purposely  JEibstained  from  those  discussions  which  do 
not  immediately  tend  to  practical  advantage# 

895.  It  has  been  said  (880)  that  caloric  may  exist 
in  two  very  diflferent  states,  in  that  of  freedom,  and  in 
that  of  combination ;  we  have  hitherto  only  described 
those  phenomena  which  belong  to  it  in  the  former 
Mate,  thie  student  must  now  be  conducted,  by  easy 
steps,  to  a  knowledge  of  those  which  appertain  to  its 
latter  condition. 


Itadmnt  Heat,  17^ 

896.  It  may  be  stated  as  a  general  proposition  that,^ 
when  bodies  pass  from  a  denser  to  a  rarer  state^  they 
absorb  caloric,  or  render  it  latent y  and  vtce  versa. 

Exp.  4S.— To  a  pound  of  water  at  17S^  Fah.  add  a, 
pound  of  ice  at  3Sp,  and  the  resulting  temperature, 
will  be  only  32®.  What  then  has  become  of  the 
excess  of  caloric,  amounting  in  this  case  to  140^, 
and  which  has  wholly  disappeared  ?  It  has  entered 
the  ice,  and  being  no  longer  sensible  to  the  ther- 
mometer is  said  to  have  become  latent j  and  since, 
it  is  the  cause  of  the  liquefaction  of  the  ice,*  it-  is 
sometimes  called  caloric  of  fluidity. 

Exp.  43. — ^Dilute  a  portion  of  nitric  acid  with  an^ 
equal  weight  of  water;  and  add,  as  soon  as  .the. 
mixture  has  cooled,  a  quantity  of  light  fresh«fallen 
snow.  On  immersing  the  thermometer  in  the  mix* 
tiire,  a  very  considerable  reduction  of  temperature 
will  be  observed,  an  effect  which  is  to  be  attributed 
to  the  absorption,  and  intimate  fixation,  q^Jree^ 
caloric  by  the  liquefiiction  of  the  snow. 

S97.  The  same  eifect  is  observable  in  all  cases  of 
liquefaction,  and  we  are  thus  enabled,  by  the  rapid 
solution  of  certain  saline  bodies,  to  produce  artificial 
cold,  a  principle  upon  which  the  action  of  freezing- 
mixtures  entirely  depends.t    As  such  agents  are  not 

t  The  history  of  this  discovery,  and  that  of  the  progress  of  the' 
art  to  which  it  has  gtvea  origin,  afford  striking  instances  of  a  fact 
which  was  at  first  regarded  as  a  mere  philosophical  curiosity, 
having  furnished  the  chemist  with  one  of  the  most  important  of 
his  instnimeiiCs  of  investigation,  and  the  public  with  the  most 
elegant  luxury  that  can  adorn  their  tables.  The  salt  which  was 
•riginally  used,  for  the  purpose  of  refrigeration,  appears  to  have 
keen  Nitre,  and  the  Italians  were  the  first  people  by  whom  it  was 
employed.    About  the  year  1550,  all  the  water,  as  wdl  as  the 


11^4  Calorie  ghen  out  Jktring 

&n\f  of  great  OBconotfiietil  utility,  but  lure  stfbflerrient 
to  cfkentical  and  medicinal  purposes,  I  dhaB  hereaifter 
introduce  a  copious  table,  representing  the  pro]kyrtioh9 
in  which  difibrent  salts  should  be  dissolved^  in  order  to 
j^Kxluce  different  degrees  of  teniperatufe4 

wine,  djrank  at  the  tables  of  the  great  and  opulent  at  Rome,  was 
cooled  in  this  manner.  It  was  customary  to  place  the  bottle  con- 
taining the  wine  within  a  larger  vessel  of  water,  and  into  this  they 
gradually  put  as  much  nitre  as  is  equal  to  one-fourth,  or  one-fifth 
of  the  weight  of  the  water,  and  during  its  solution  the  bottle  was 
driven  round  by  the 'hand  with  a  quick  motion  oo  its  aads  m  one 
direction.  In  the  year  1621,  Barclay's  Argepis^  an  interesting 
romance,  was  published  at  Paris,  and  its  author  places  on  the 
table  of  Juba,  in  the  raiddfe  of  summer,  fresh  apptes  for  Arsidas, 
one  half  of  which  were  incrusted  with'  transparent  ice.  A/ basin 
of  ice  filled  with  wine  was  also  handed  to  him,  and  he  was  in- 
formed that  to  prepare  all  these  things  in  summer  was  a  new  art 
The  author  has  told  us  how  this  basin  of  ice  was  made.  *'  Two 
cups,**  says  he,  '*  made  of  copper,  were  placed,  the  one  withm 
the  other,  so  as  to  leave  a  small  space  between  them,  which  was 
filled  with  water.  The  cups  were  then  put  into  a  pail,  ata&dst  a 
mixture  of  snow  and  unpurified  salt  coarsely  powdered,  and  the 
water  in  three  hours  was  converted  into  a  cup  of  solid  ice,  as  well 
formed  as  if  it  had  come  from  the  hands  of  the  pewterer.**  To- 
wards the  latter  end  of  the  17th  century,  Mr.  Boyle  made  experi- 
ments with  various  kinds  of  salts,  and  other  substaaces;  (br  ledn*^ 
cing  the  temperature  of  water,  and  ia  166S  publidied  his  **  Sx- 
periments  and  Observations  touching  Cold.*'  By  these  researchca 
he  discovered  that  either  common  salt,  alum,  vitriol,  sal  ammo- 
niac, lump  sugar,  oil  of  vitriol,  nitrous  acid,  caustic  anunoma, 
or  alcohol,  when  mixed  with  snow,  had  the  power  of  freeaiag: 
water;  these  experiments  were  subsequently  extended  by  Dr. 
Blagden,  Mr.  Cavendish,  and  Mr.  Lowitz,  but  we  are  indebted) 
to  Mr.  Walker,  apothecary  to  the  Radcliffe  Infirmary  in  the* 
city  of  Oxford,  for  having  first  produced  a  cold  sufliaieiit  to  fieeaai 
mercury,  without  uang  a  particle  of  ice  or  snow.  The  sMiteriala 
which  Mr.  Walker  employed  for  this  purpose  were  strong  aitromr 
acid»  sulphate  of  soda,  and  nitrate  of  ammonia. 
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f9S«  Himttg  Bliewn  thfti  when  a  body  pttses  from 
a  denser  to  a  rarer  state  it  absorbs  calori%  and  pro* 
duces  cold^  the  conyerse  of  this  pnqposition  remains  to 
be  considered^  vts*  that  when  a  body  undergoes  con- 
densation, as  in  the  case  of  a  liquid  becoming  solid,  it 
evolves  caloric,  or,  in  common  limguage,  gives  out  heat*. 
This  fact  has  alr^y  been  exemplified ;  if  the  student 
i^er  to  Experiment  S8,  he  will  perceiTe  that  the- 
aolidifieation  of  Glauber's  salt  is  attended  with  the 
evolution  of  caloric ;  so  again,  the  separation  of  a  salt 
from  its  solution^  by  alcohol,  as  in  Experimeni  84cf 
is  accompanied  by  an  evolution  of  temperature,  which 
i»  exactly  the  reverse  of  what  happens  during  its  solu- 
tion (297.)  It  has  been  also  stated  (214)  that  water  is 
capable  of  being  cooled  a  number  of  degDees  below  its 
freezing  point.  If  when  cooled  thus  far,  it  be  agitated^ 
it  immediately  becomes  solid,  and  from  the  evolution 
of  caloric  which  accompanies  the  change  of  form,  its 
temperature  instantly  rises  to  that  of  its  usual  freexing 
point*  The  heat  |^ven  out  during  the  slacking  of  quick- 
hate  is  the  result  of  the  solidification  of  the  water,  and 
when  sulphuric  acid  and  water  are  mingled  together,, 
a  diminution  of  bulk  takes  place,  and  conuderable  heat 
is  evolved.  In  order,  however,  to  render  the  theory  of 
iaieni  beat  perfectly  intelligible  to  the  student,  it  will 
be  necessary  to  examine  with  some  attention  the  more 
phflonomena  of  Fluidity  uid 


Fluiditt. 

899*  The  elementary  state  of  all  bodio  a  solidt^^ 
(90.)  When  they  asmime  the  fi^rm  of  a  fltttd,  or  ihai 
of  a  vajMrnr,  it  is  tbe  result  of  the  repulsive  operaticn 
of  caloric. 


VtG  Fluidii^  the  ^ct  if  Calorie. 

900.  All  the  different  siibfllances  in  natui^,  uniier 
certain  circumstances,  are  probably  capable  of  assuming 
att  these  forms ;  thus  solids,  by  a  ce^ttain  increase  of 
temperature,  become  fluids,  and  fluids  gases ;  and,  vice 
versay  by  a  diminution  of  temperature,  gases  become' 
fluids,  and  fluids  solid?. 

801.  When  a  solid.is  heated,  it  is  expanded ;  as  it» 
temperature  is  raised,  this  expansion  proceeds,  till  its 
particles  are  separated  to  such  distances  as  to  be  easily' 
moveable  in  every  direction,  and,  by  thus  sliding  over' 
each  other,  they  impart  to  the  mass  the  qualities  of 
fluidity.  By  a  reduction  of  temperature  the  particles 
again  approach;  "when  within  certain  distances  they- 
unite,  and  the  fluid  is  brought  back:fp  the  solid  state* 

908.    These  changes  of  form,  then,  depend  onthe 
actions  of  two  opposite  powers  upon  matter.    By  the 
mutual  attraction,  or  force  of  cohesion,  which  subsists- 
between  the  particles  of  bodies,  they  are  held  together* 
so  as  to  form  solid  masses ;  by  the  repulsive  power  of 
caloric  they  are  separated  to  distances  at  which  this, 
attraction  ceases,  and  the  state  of  fluidity  is  produced ; 
which  is  therefore  obviously  not  essential  to  any  par- 
ticular species  of  matter,  but  always  dependent  on  the 
presence  of  a  quantity  of  caloric. 

903.  The  particular  temperature  necessary  for  the* 
production  of  this  change  is  exceedingly  various,  but' 
for  the  same_bodies  it. is  always  the  same;  thus  lead* 
melts  at  61S^,  tin  at  422^,  mercury  at  59^,  sulphur  at 
218®,  lard  at  97**,  spermaceti  at  112®,  and  ice  at  32®,  &c. 

904.  In  some  cases  the  transition  of  a  body  from  a 
solid  to  a  liquid  state  is  sudden ;  in  others,  it  passes 
through  several  degrees  of  softness  before  it  is  per- 
fectly, liquefied  :  the  conversion  of  ice  into  water  is  aa^ 
example^  of  the  first;,  the  melting  of  wax  and  others 


UnctuoHfr  ittaltelr»  cufe  insltttoeB  ^^tli^  seooild.  To  bk- 
ppe6»  tbe  fbttnep  ef  these  operations  tho  term  JUquefae^ 
tiom  haB'  been  enployed;  todfenote  tUe  iMtev^  that  of 
Amit  ;^  ^though  in  popular  language  this  distinction 
ib  not  a^fra]r9  observed,  and  some  writers  have  indis- 
eriminat^  used'  both  tanns. 

90S.  Tbepe  are  some  bodies  which  cannot  be  melted, 
owM^'to  tlieii»  suffering  chemical  decomposition  at  a 
lower-  femperature  than  that  required  for  their  fusion ; 
a  pi'tee  of  wood)  for  instance,  cannot  be  melted  by  the 
applioationof  any  degree  of  heat.  In  come  cases,  how- 
efsv^^ack  decomposition  is  prevented  by  great  pressure, 
aBd  bodies  may  be  thus  made  to  undergo  fusion,  which 
landev*  lother  oircun^stances  would  be  infusible ;  thus 
marMe,  .if  heated  in  the  open  air,  soon  parts  with  its 
carbonic  acid,  and  pure  lime  remains,  which  has  not 
hitherto  been  fused ;  but  if  the  same  body  be  intensely 
heated  under  presisure,  the  escape  of  the  carbonic  acid 
is  prevented,  and  the  marble  enters  into  a  state  of 
ftuidifty.t 

906^  Wbeil  a  Qttbpl^Ace  a(:qiaifea  by  fusion  a  dc|^[^ 
of  tBaiispawitncy,  a  densa  unifonin  lextuire,  and  greai 
hrittleness,  and  exhibits  a  conchoidal  fracture,  with  a 
peculiar  surface,  and  the  edges  of  the  fragments  very 
sharp,  it  is  said  to  be  vitrified. 

.  3P7.  Certain  saline  bodies  are  occasioijiaUy  ^ded 
to  Mfms^ory  sabsunce^  to  pcwH^t^.tbw  fusipn,  and 

'    366.    Ftasiott  is  performed  with  the  intentions, 

a.  Of  weakening  the  attraction  ofaggregationy 
I.  To  facilitate  mechanical  division ; 
S.  To  promote  chemical  action*  • 
^  Of  $€pairatiMg  from  each  otb^r^  iubHunfiiOfi 
Qf  dtjferent  degrees  afJusibi/Uy. 

t  See  Sir  James  Hall's  interesting  account  of  theseexperiments 
in  the  6th  volume  of  the  Edinbur^  Philosophical  Transactions. 
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909.  The  most  coavenient  vessels  f(xt  oonducting 
the  process  of  liquefiiction  are  earthenware  pans.  That 
of  fusion  is  usually  performed  in  pots  called  CrucibkSji^ 

which  are-  of  va* 
lious  sizes.  The 
larger  ones  are 
generally  conical^ 
with  a  small  spout 
for  the  conveni- 
ence of  pouring 
out;  the  smaller 
ones  are  trunca* 
ted  trianffular  py- 
ramidsy,  and  are 
commonly  sold  in 
nests.j: 


<2? 


f  The  origin  of  this  term  has  afforded  a  curious  subject  for 
etymological  inquiry ;  see  Pharmacologia,  Edit.  6,  Vol.  1,  p.  19. 
(N0te.) 

4:  Those  formed  of  common  clay  with  calcareous  or  siliceous 
earth  are  easily  vitrified  and  then  melt.  The  Hessian  crucibles 
are  composed  of  better  day  and  sand,  and  when  good,  will  sup- 
port an  intense  heat  for  many  houis,  without  soUening  or  nieltaig« 
but  they  are  disposed  to  crack  when  suddenly  heated  or  cooled, 
a  circumstance,  however,  which  may  be  remedied  by  using  a 
double  crucible,  and  filling  the  interstice,  with  sand,  or  by  coating 
the  crucible  with  a  paste  of  clay  and  sand,  by  which  means  the 
heat  is  transmitted  more  gradually  and  equally.  Wei^ewood'li 
crucibles  are  made  of  clay  mixed  with  baked  day  findy  pooaded, 
and  are  in  ^ery  respect  tfuperior  to  the  Hessian,  but  they  are  ex- 
pensive. The  black  lead  crucibles,  formed  of  clay  and  plumbago, 
are  very  durable,  resist  sudden  changes  of  temperature,  and  may 
be  repeatedly  used  $  but  they  are  destroyed  when  saline  substances 
are  mdted  in  them,  and  suffer  combustion  when  exposed  red-hot 
to  a  current  of  air.  Crucibles  are  also  made  of  cast*iron,  of  fine 
silver,  and  of  platinum.  The  first,  however,  are  destroyed  when 
saline  substaaces  are  melted  in  them,  and  when  made  red-hot  m 
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Vapobisation. 

310.  After  a  body  has  been  rendered  fluid  by  heat, 
it  is  expanded  in  the  same  manner,  as  when  it  existed 
in  the  state  of  solidity,  by  the  fiuther  addition  of  calo- 
ric; and  this  expansion  continues  to  increase  as  the 
temperature  is  raised,  until  the  particles  of  the  body 
are  at  length  sq)ajnated  to  such  distances  that  their  at- 
tractive forces  cease  to  operate,  when  a.  change  of  form 
again  tali^  place,  and,  instead  of  a  cohesiye,  a  repul- 
siye  or  elastic  power  is  established,  and  the  body  be- 
comes invisible,  or  passes  into  the  aeriform  state.  This 
eflfect  is  denominated  Vaporisation;  and  the  bodies 
existing  in  such  a  state  are  termed  Vapours^  Airsj  or 
Gases ;  and  sometimes,  in  contradistinction  to  Fluids 
properly  so  called,  Elastic  Fluids. 

311.  Some  solids,  by  an  increase  of  temperature, 
are  converted  into  v^Kmrs,  without  passing  through 
the  intermediate  state  of  fluidity;  but  when  heated 
under  a  greater  pressure  than  that  of  the  atmosphere, 
they  also  may  be  rendered  fluid. 

312.  The  point  at  which  bodies  pass  into  the  gase- 
ous or  vqporous  state  is  very  various.  Some  assume  it 
at  so  low  a  temperature,  that  even  the  most  intense 
cold  that  has  been  produced  is  insufficient  to  reduce 
them  to  the  fluid  form;  others  aie  convertible  into 
vapour  at  a  moderately  high  temperature,  and  condense 
again  when  that  temperature  is  reduced ;  while  there 
is  a  third  class  of  bodies,  the  metals  and  earths,  for 
instance,  not  convertible  into  vqx)ur  but  by  the  most 
intense  heat,  and  there  are  even  some  of  them  which 

a  current  of  air  are  apt  to  suffer  oxidation ;  but  in  other  respects 
tbej  are  durable,  and  ean  sustain  sudden  alteration  of  heat  and 
•old  without  cracking. 
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have  not  suffered  this  change,  because  no  temperature 
sufficiently  elevated  has  been  hitherto  produced.  These 
latter  substances  are  termed  Fixedj  in  contradistinction 
to  those  which  are  volatile.^  or  easily  conyertible  into 
▼apour,  but  the  term  is  merely  relative. 

SIS.  This  difference  in  the  temperature  at  which 
bodies  assume  the  aerial  form,  has  given  ori^n  to  a 
distinction  established  in  chemical  language,  between 
Vapours  and  GaseSy  but  which  the  late  important  dis- 
coveries of  Mr.  Faraday  appear  to  have  rendered  in 
some  measure  nugatory.  The  term  vapour  was  exclu- 
sively applied  to  those  elastic  fluids,  which  by  cold  or 
pressure  could  be  reduced  to  the  liquid  form ;  while 
that  of  gas  was  applied  to  those  that  were  unoonden* 
sable.  Mr.  Faraday,  however,  has  succeeded  in  con* 
densing  into  liquids  the  greater  number  of  those  i^ich 
were  considered  as  permanently  elastic ;  if  therefore 
the  above  distinctive  terms  be  retained,  they  must  be 
received  with  such  limitations  as  the  discoveries  of 
Mr.  Faraday  will  suggest. 

S14.  The  transition  from  the  liquid  state  into  that 
of  elastic  fluidity  is  usually  accompanied  with  certain 
explosive  -movements,  termed  Ebullition^  or  boiling. 
In  order  to  understand  the  nature  and  progress  of  this 
process,  we  have  only  to  examine  the  phenomena 
which  attend  the  boiling  of  water  in  a  florence  flask. 
Upon  the  first  impression  of  the  heat,  the  liquid  will 
be  observed  to  expand  (277)  ;  in  a  few  seconds,  very 
minute  bubbles  will  be  seen  to  ascend  from  the  bottom 
of  the  vessel  to  the  surface ;  these  consist  of  the  atmos- 
pheric air  previously  combined  with  the  water,  and 
which  becoming  elastic  fiom  the  elevation  of  tempera^ 
ture  assumes  the  aeriform  state,  and  escapes ;  at  this 
period  an  intestinal  motion  may  be  easily  pei:ceived 
throughout  the  fluid,  depending  upon  the  circulation 
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wUch  is  taking  place  between  tb^  wanner  and  colder 
strata  as  already  explained  (888),  and  tbe  sar&c^  may 
be  observed  -to  emit  vapour*    In  a  short  time  bubblea 
of  steam  will  be  noticed  rising  from  the  bottom,  and 
suddenly  disappearing  in  their  accent,  in  consequence 
of  bdng  condensed  in  tkeir  pro^fess  through  the  colder 
medium  above ;  this  phtienomenon  is  accompanied  with 
a  hissing  or  simmering  noise  depending  upon  the  vibrar 
tioBS  occasioned  l^  the  successive  vaporisation  and 
condensation  of  the  particles  in  immediate  contact  with 
the  bottom  of  the  vessel ;  the  process  now  {Hroceeds 
more  rapidly,  the  bubbles  of  steam  arise  with  greater 
ibrce  and  fiequency,  and  are  less  and  less  condensed ; 
the  whole  liquid  is  in  a  violent  state  of  ebullition,  and 
a  large  quantity*  of  vapour  continues  to  escape  from  the 
surfiu^  until  the  water  is  entirely  dissipated*  If,  during 
the  progress  of  this  operation,  a  thermo^leter  be  in- 
serted into  the  liquid,  it  vrill  continue  to  rise  until  it 
reaches  the  temperature  -of  S13^,  beyond  which  it  will 
never  pass,  however  greatly  we  may  ui^e  thje  heat,  #nd 
if  the  steam  be  Examined  at  -the  swie  time,  it  will  be 
found  to  have  the  same  temperature  as  the  boiling 
liqnid^    Fluids  in  the  act  of  ebullition  in  glass  vessels 
frequently  exhibit  sudden  st»*ts ;  this  sometimes  occurs 
to  such  a  deg^ree  in  distilling  sulphuric  acid  as  to  break 
the  retort«    It  would  seem  to  arise  from  the  adhesion 
i)i  the  fluid  to  the  vessel,  which  may  be  considered 
analogous  in  its  action  to  viscidity,  and  occasions  the 
steam  to  rise  to  a  temperature  a  little  above  its  boiling 
point.    The  evil  may  be  eflectually  obviated  by  intro* 
ducing  into  the  retort  some  small  pieces  of  platinum, 
which  appear  to  operate  by  virtue  of  their  greater  conV 
ducting  porter. 

Sib.    If  the  steam  of  boiling  water  be  made  to  issue 
from  a  small  tube,  as,  for  instance,  the  spout  of  a  teft? 
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fcetd^9  thiB  vapour  will  npt  be  visible  for  nearly  an  inck 
from  0ie  orifice,  }>ecau8e  perfecdy  formed  steam  ia  in^' 
visible ;  it  ie  only  when  it  begins  to  siiflfer  condensation 
that  it  ]>econie6  apparent. 

316^  Every  liquid,  when  of  the  same  degree  of  ehe- 
mical  purity,  and  under  equal  circumstances  of  atmos- 
pheric pressure,  has  one  peculiar  point  of  temperature 
at  which  it  invariably  boils,  and  lihis  is  termed  its  boU- 
ing  point ;  thus,  pure  water  boils  at  918* ;  when  satu- 
rated with  common  salt,  at  8S6* ;  »ther  ai  00^ ;  alco* 
hoi  (sp.  gr.  800)  at  176<^;  oil  of  turpentine  at  S16®; 
mercury  at  660®,  fte. 

317*  As  the  phsBnomenon  of  Vaporization  depends 
upon  the  energy  of  calorific  repulsion  becoming  supe- 
rior to  that  of  cohesion,  it  is  evident  that  it  vrill  be 
retarded  by  whatever  contributes  to  increase  this  latter 
force.  Hence  the  boiling  point  of  the  same  fluid  varies 
under  different  degrees  of  atmospheric  pressure.  In 
general,  liquids  boil  in  vacuo  with  about  194  duress 
less  of  heat  than  are  required  under  a  mean  pressure  of 
the  atmosphere.  Water,  therefore,  in  a  vacuum  must 
boil  at  88<^,  aiid  alcohol  at  49^,  Fah.  Even  the  ordi- 
nary variations  in  the  weight  of  the  air,  as  measured  by 
the  barometer,  are  sufiicient  to  make  a  diflference  in  the 
boiling  point  of  water  of  several  degrees  between  the 
two  extremes.t  Thus  on  the  summit  of  Mont  Blanc, 
the  pinnacle  of  Europe,  water  was  fi^und  by  Saussure 
to  boil  at  187®,  and  I  have  been  informed  that  the 

.  f  On  this  principle  the  lale  Mr.  Archdeacon  WoOaston  in- 
vented  a  thermometric  barometer  to  nieasure  altitudes,  from 
which  it  appears  that  the  height  of  a  common  table  is  even  suffi- 
cient to  produce  a  manifest  difference  in  the  boiling  point  of 
water,  as  ascertained  by  this  sensible  instrument.  The  whole  ap- 
paratus, weighing  SO  ounces,  packs  in  a  cylindrical  tin  case,  two 
40Cto  (Uimeler^  and  10  inches  long. 
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mof^  of  St.  Bernard  complain  at  being  unable  to  make 
good  BamilUe ;  the  reason  is  obvious,  in  consequence 
of  the  attitude  of  their  monastery,  the  water  boils  before 
it  can  arrive  at  a  temperature  sufficiently  high  for  the 
necessary  solution  of  the  animal  matter ;  the  evil  might 
easily  be  obviated  by  the  application  of  a  slight  pres* 
sure. 

318.  The  influence  of  diminished  pressure,  in  faci* 
litating  ebullition,  may  be  illustrated  by  a  very  pleasing 
experiment. 

Ejpp.  44.— Fill  a  bolt  head  completely  with  boiling 

water,  and  immediately  close  its  mouth 
with  wetted  bladder,  or  a  tight  cork. 
In  a  few  seconds,  the  water  from  loss 
of  temperature  will  contract  and  leave 
a  partial  vacuum  in  the  upper  part  of 
the  tube ;  the  water  will  then  recom** 
mence  boiling,  and  continue  in  that 
state  for  many  minutes,  presenting  the 
singular  appearance  which  is  repre* 
sented  in  the  annexed  figure. 


319.    The  following  apparently  paradoxical  experi* 
ment  will  also  illustrate  the  sarnie  principle. 

Espp^  45. — ^Introduce  a  little  water  into  a  common 
floroiGe  flask,  and  heat  it  over  a  lamp  until  it  boils ; 
then  remove  the  vessel^  and  cork  it  securely ;  the 
water  will  soon  cease  to  boil|  in  consequence  of  the 
pressure  occasioned  by  the  steam  on  its  surface, 
but  if  plunged  into  a  vessel  of  cold  water  ebulli* 
tion  instantly  recommences,  firom  the  condensation 
of  vapour  thus  occasioned,  but  it  ceases  again  if 
held  near  the  fire. 
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3S0.  On  die  &ct  of  liquids -boUii^  at  a  lower  Uhw 
perature  in  mpuoj  or  uqde]r  dimiaiilied  tttpaMiie|>keffic 
pressvre^  hsLwe  been  ingeniously  -foimded  -sef ^c^  :9^^ 
triyances  for  evaporating  ^al  €ompamtwei)gr4^'^^B^P^ 
satures.  Mr.,  Banjy  has  latdy  obtained  apateii^  fer  a^ 
gpp^Tftttts  of  tl|is  description^  t  ^^^^ucb  he  ;tifieB<'Witl^ 
great  practical  advantage  in  obtaining  vegetable,  ^es? 
tracts  for  medi4»nid  puiposes.  Mr.  Pope,  Chemist,  of 
Oxford  Str«^t,  has  also  -constroaed  ^an  iipparatiiB  ct 
the  same  description,  by  which  he  prepafas  similai; 
articles  of  very  superior  excellence.  The  adv^tiiges 
of  such  an  arrangement  depend  upon  the  fact  that 
vegetable  bodies,  when  heated  at  lower  temperatures 
ihan  the  boiling  point  of  water,  suffer  less  change  in 
their  essential  properties  than  when  exposed  to  greater 
heat. 

321.  The  same  reasoning  which  explains  why  liquids 
boil  at  lower  temperatures  under  (liminished  pressure, 
will  shew  that,  under  increased  pressure  they  must 
require  a  higher  temperature  to  produce  their  d^ulli- 
tion,  since,  in  this  latter  case,  a  greater  repulsive  force 
will  be  necessary  to  separate  their  particles.  By  means 
of  an  instrument  invented  by  Papin,  about  the  begin- 
ning of  the  last  century,  termed  a  DigesteryWad  yifhijch 
is  a  ^rong  tight  kettle,  furnished  with  a  valve  of  safety, 
water  may  be  heated  several  hundred  degrees  above  its 
etdinary  boiling  point,  by  Whicrh  its  solvent  pofcwrer  is 
very  greatly  increased,  aitd  it  has  therefore  fomished 
flie  easy  means  of  dissolving  the  gehtine  ofl^otiesi 

322.  To^prodtfce  the  evaporation  of  fiquiSs,  Ebulli- 
tion is  by  no  means  essential ;  afFl  bodi^  that  boil  at 
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f  For  aa  aceo^nat  of  tkis  apparatus,  scc^e  Medic(Hchirnpcal 
TrawactioBs  for  1819  (vol.x.),  and  Br.  Urt's  ClieHical)  Dic- 
tioDary,  Art  Evaporation. 
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moderate  leiqiemUireB  t  seem  to  eyaporale^  so  as  to 
produce  a  certain  quantity  of  elastic  matter,  in  ihef 
common  state  of  the  atmosphere ;  and  this  quantity, 
as  well  as  the  degree  of  its  elasticity,  is  greater  in  pro« 
portion  as  the  temperature  is  higher.  In  hot,  dry 
weather,  it  is  obvious  that  there  must  be  much  more 
vapour  in  £he  atmosphere,  Chan  in  cold  wet  weather; 
and  the  largest  quantity  will  exist  in  summer,  and  in 
the  tropic^  climates,  when  moisture  is  most  required 
for  the  purposes  of  li^e.  It  was  formerly  supposed  that 
this  spontaneous  evaporation  depended  upon  an  affinity 
existii^g  between  the  air  and  water,  but  Mr.  Dal  ton  has 
shewn,  very  satisfactorily,  that  such  an  hypothesis  was 
altogether  erroneous. 

323^  The  conversion  of  f^  liquid  into  vf^ur  is  al-* 
ways  attended  with  great  loss  of  ficee^  or  thermometri^ 
heat ;  in  other  words,  a  great  quantity  of  caloric  be- 
comes Jutemt  jduBong  die  ibanation  of  vapoun  We 
ha9e  seen  that  dmiiq^  the  bculing  of  waiter,  although 
the  abnroe  of  heat  lemttins,  and  a  quantity  of  cdoric 
nutst  be  pefpetually  entering*  the  Aiid,  neifther  the 
waMrnor  the  steam  everooqumib  a  hqjfaet*  tempeiature 
than  aSf^-  the  heat  therafoie  must  become  latent,  and 
be  esqiended  in  the  fbnnfttion  at  steam;  and  it  has 
beenxaknlated  by  Dr«  Blaok  that  the  qaaatity  of  calo- 
Bc  AuaTendeied  insensible  to  the  thenttometer,  would 
be  siifficimt  to  rabe  the  water  SIO^  aboire  its  boiling 
pointy  er^oi  VOBSP^  had  it  oontinaed  in  the  iiquvd  state. 
There  are  othermeans,  besUes  tkat  employed  by  Dr. 
Black,,  by  which  thisiact  may  be  ^ooertidlied,  and  such 
inquiries  lead  to  the  condusioh  that  the  latent  hebt  of 
steam  is  between  900  and  1000  degrees. 

t  Mercury  even  has  been  found  to  pan  into  the  state  of  vapour 
at  the  ordinary  temperature  of  the  atmosphere;  see  the  chapter 
on  Aerial  Poisons  in  my  work  on  Medical  Jurisprudrace,  vol.  S, 
p.  456. 
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Thia  law  may  be  iiluBtrated  in  a  very  striking  manner 
by  the  following  experiment. 

Exp.  46. — ^Let  a  pound  of  water  at  filS^,  and  eight 
pounds  of  iron-filings  at  900^  be  suddenly  mixed 
together.  A  large  quantity  of  vapour  will  be  in« 
stantly  generated;  and  the  temperature  of  the 
mixture  will  be  only  219f^ ;  but  that  of  the  vapour 
produced  is  also  not  more  than  912^;  and  the 
steam  must  therefore  contain,  in  a  latent  or  com- 
bined form,  all  the  caloric  which  raised  the  tem- 
perature of  eight  pounds  of  iron-filings  from  212* 
io30(P 

S24.  On  the  contrary,  the  following  experiment 
will  prove  that  vapours,  during  their  conversion  into 
a  liquid  form,  evolve,  or  give  out,  much  caloric. 

JExp.  47.— Mix  100  gallons  of  vrater  at  SO*  vrith  one 
gallon xof  water  at  SIS*;  the  tem^iefatuie  of  the 
water  will  be  raised  about  If*.  Condense  by  a 
common  still-tub,  one  gallon  of  water,  from  the 
state  of  steam,  by  100  gallons  of  vrater,  at  the  tem- 
perature of  50*.  The  vroter  will  be  raised  11*. 
Hence  one  gallon  of  vrater,  condensed  from  steam^ 
raises  the  temperature  of  100  gallons  of  cold  v^ater 
9i*  more  than  one  gallon  of  boiling  water.  This 
is  owing  to  the  much  greater  quantity  of  caloric^ 
existing  in  a  gallon  of  crater  when  in  the  state  of 
steam,  than  in  a  gallon  of  boiling  vratar,  though 
steam  and  boiling  water  aflect  the  thermometer  in 
precisely  the  same  degree. 
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995.  The  proceBsee  of  Nature  and  Art  *  are  alike 
fertile  in  illustrations  of  this  important  law,  and  when 
we  come  to  speak  of  the  different  artificial  processes 
for  increasing  and  diminishing  temperature,  the  student 
will  be  presented  with  many  striking  examples;  at 
present  it  will  be  sufficient  to  observe  that  in  hot  cli- 
mates, the  seas,  rivers,  and  lakes,  are  prevented  from 
acquiring  any  thing  like  the  heat  of  the  adjacent  lands, 
by  the  evaporation  which  is  constantly  going  on  at  the 
surface,  and  which  carries  oif  the  greater  part  of  the 
heat  as  fast  as  it  is  received.  The  same  principle  is  also 
operative  in  regulating  the  temperature  of  the  human 
body ;  for  whenever  it  becomes  oppressed  by  heat,  if 
it  be  in  a  state  of  health,  perspiration  commences,  and 
this  carries  off  the  superabundant  caloric  as  fest  as  it 
is  produced,  in  the  same  manner  that  steam  conveys 
away  the  heat  which  is  constantly  entering  into  water 
during  its  ebullition. 

3S6.    To  account  for  the  absorption  of  caloric,  and 
the  phenomena  of  liquefaction  and  vaporization,  two 

*  Many  beantifiil  iUustralloiiB  of  this  principle  have  been  af^ 
forded  lyy  the  late  researches  of  Mr.  Faraday  on  the  condensition 
of  gases.  One  of  these  I  shall  here  describe  as  being  remarkably 
striking  and  satis&ctory.  The  sahs/tance  tenaed  Chloride  of  Silver 
has  the  propcrt]^  of  absorbing  a  very  large  proportion  of  pure  am- 
taionia.  If  this  body  thus  saturated  be  exposed,  in  the  end  of  an 
iiermetically  sealed  tube,  to  heat,  the  ammonia  is  driven  off,  but, 
-being  uaable  to  escape.  Is  condensed  into  a  liquid  and  distiUs  to 
the  other  extremity  of  the  tube.  In  a  short  time,  however,  the 
ammonia  again  passes  slowly  int*  the  state  of  gas,  and  is  re- 
absorbed by  the  Chloride  \  we  have  thus  then  the  two  converse 
.  operations  of  vaporisation,  and  condensation  proceeding  at  the 
same  time,  at  the  two  extremities  of  the  tube,  and  by  applyin|^ 
the  hand  we  shall  derive  from  one  end  the  sensation  of  cold,  and 
lirom  the  other,  ttiat  of  heat.  See  also  Mr.  Leslie's  beautiful  coa* 
trivance  of  freexing  water,  346. 
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theories  have  been  proposed ;  the  one  by  Dr.  Bhck, 
the  other  by  his  ingenious  pupil  Dr»  Irvine.  Dr.  Bladi 
considered  the  absorption  of  caloric  as  the  cause  of  the 
change  of  form,  and  as  necessary  to  the  constitution 
of  the  fluid  or  vapour.  Dr.  Irvine  regarded.it  as  the 
effect,  in  consequence  of  the  capacity  of  the.  body  thus 
becoming  enlarged.  Dr.  Black's  thepry  is  founded  on 
the  general  analogy  of  the  phaenomena  to  those  of  che- 
mical combination.  We  have  seen  that  v^hen  on^ 
chemical  agent  is  merely  mixed  with  another,  the  pro- 
perties of  neither  are  altered ;  but,  when  chemically 
combined,  they  are  more  or  less  changed ;  and  it  has 
been  shewn  that  this  combination  always  takes  place 
in  certain  definite  proportions.  Caloric;  acts  upon  mat<» 
ter  in  a  manner  similar  to  this;  it  may  be  diffiised 
through  bodies  to  a  certain  extent  without  having  its 
properties  altered ;  but  in  lique&ction  and  vaporisation 
it  is  united  to  the  body,  so  that  its  properties  are  entirely 
lost.  Ought  not  this,  in  conformity  to  general  analc^, 
to  be  ascribed  to  its  having  formed  a  chemical  imion; 
especially  since  it  is  absorbed  by  different  bodies  in 
different  quantities,  but  always  in  oerlain  detennsnate 
proportions  ?  circumstances  which  extend  the  analogy 
between  this  absorption  and  chemical  combination; 
But,  although  the  theory  appears  so  far  complete,  when 
more  minutely  examined  it  will  be  found  deficient. 
We  know  of  no  case  of  chemical  combination  in  which 
the  properties  of  one  of  the  bodies  combining  are  tt- 
tirely  lost^  while  those  of  the  other  are  not  altered ;  but 
in  liquefaction  and  vaporisation  this  must  be  supposed 
to  be  the  case ;  since,  though  the  properties  of  the 
caloric  absorbed  can  no  longer  be  recognised,  those  of 
the  substance  fused  or  evaporated  remain  the  same. 
Every  solid  too  may  be  rendered  fluid,  and  eveiy  fluid 
converted  into  vapour,  and  consequently  it  must  be 
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supposed,  tliat  caloric  is  capable  of  combining  che- 
mically with  eyery  other  body,  a  property  possessed  by 
lio  other  chemical  agent.  And,  lastly,  the  contact  of 
any  body  at  a  low  temperature  i^  sufficient  to  veduce  a 
Vapour  to  a  fluid,  or  a  fluid  to  the  solid  state  %  and  in 
such  cases,  the  caloric  abstracted  does  not  enter  into 
combination  with  Aie  body  to  which  it  is  communis 
cated,  but  is  merely  diffused  through  it  so  as  to  raise 
its  temperature.  But  that  unioii  cannot  be  termed 
chemical  which  is  not  elective,  and  which  can  be  so 
easily  broken  by  the  abstraction  of  one  ef  its  principles, 
without  the  interference  of  a  stronger  affinity. 

987.  The  opinion  of  Dr.  Irvine  is  not  open  -to  the 
Same  objection,  and  it  is  equally  adapted  to  the  expla- 
nation of  the  phaenomena ;  but  before  we  proceed  to 
its  investigation,  it  will  be  necessary  to  shew  what  is 
meant  by  the  capacity  of  a  body  for  heat. 
'  928.  Equal  weights  of  the  same  body,  at  the  same 
temperature,  contain  the  same  quantities  of  caloric. 
But  equal  weights  of  different  bodies,  at  the  same  temf 
peratnre,  contain  Unequal  quantities  of  caloric.  The 
quantity  of  caloric  which  one  body  contains,  compared 
with  that  contained  in  another,  is  called  its  Spec^ 
Caloric ;  aiH)  the  power  or  property,  whieh  enables 
bodies  to  retain  di&rent  quantities  of  caloric,  has'been 
called  capacity  for  caloric.  The  method  of  deCermin* 
ing  the  specific  caloric,  or  capacities  of  diflbrent  bcklies, 
is  shewn  by  the  following  experimient. 

Exp,  48. — Mix  together  equal  ineasures  of  water  at 
100®  Fah,  and  at  40°,  and  the  temperature  of  the 
resulting  mixture  will  be  found  to  be  the  arith- 
metical mean,  viz.  70°. 

Esp.  49. — ^Mir  a  pint  of  quicksilver  at  100?  Fah. 
with  a  pint  of  watcar  at  ^""y  and  the  resulting  tem^ 
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peratiire  will  not  be  70''  (the  arithmetical  mean) 
but  only  60''.  In  this  case  it  is  evident,  that  the 
quicksilver  has  lost  40^  of  heat,  which  have  never- 
theless raised  the  temperature  of  the  water  only 
SO^y  it  appears  therefore  that  double  the  quantity- 
of  caloric  is  required  to  raise  the  temperature  of 
a  pint  of  water,  than  that  of  a  similar  measure  of 
quicksilver,  through  the  same  number  of  degrees. 
Hence  we  say  that  water  has  a  greater  capacity 
for  caloric  than  quicksilver^  in  the  proportion  <^ 
two  to  one. 

« 

S99.  If,  instead  of  equal  bulks  of  quicksilver  and 
water,  we  had  tak^i  equal  weights^  the  disparity  be- 
tween the  specific  caloric  of  the  mercury  and  water 
would  have  been  still  greater.  Thus  a  pound  of  water 
at  100°,  mixed  with  a  pound  of  mercury  at  40°^  vrill 
give  a  temperature  of  97|°,  or  27|°  above  the  arith- 
metical mean.  In  this  experiment,  the  water  being 
cooled  fix>m  lOO''  to  97|''  has  lost  a  quantity  of  caloric 
reducing  its  temperature  only  2f*;  but  this  caloric, 
communicated  to  the  pound  pf  mercury,  has  occa- 
sioned, in  its  temperature,  a  rise  of  no  less  than  57f  ^. 
Therefore,  a  quantity  of  caloric,  necessary  to  raise  the 
temperature  of  a  pound  of  water  2|^,  is  sufficient  to 
raise  that  of  a  pound  of  mercury  57|° ;  or,  by  the  rule 
of  proportion,  the  caloric,  which  raises  the  temperature 
of  a  pound  of  water  P,  will  raise  that  of  a  pound  of 
mercury  about  23^.  Hence  it  is  inferred,  that  the 
quantity  of  caloric  contained  in  water,  is  to  that  con- 
tained in  the  same  weight  of  quicksilver  as  29°  to  1° ; 
or  stating  the  caloric  of  water  at  P,  that  of  quicksilver 
will  be  Vt  part  of  1°,  or  0*0435. 
.  390.  By  a  similar  mode  of  inquiry  may  the  capa* 
cities  of  other  bodies  be  easily  ascertained.    If  a  pound 
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of  irater  at  IW,  and  the  same  weight  of  oil  at  50"",  be 
mixed,  the  resulting  temperature  is  not  75°  (the  meiui) 
but  85f  ^ ;  ^^  water,  therefore,  has  lost  only.l6|%  while 
Che  oil  has  gained  SSf  ° ;  or,  if  equal  weights  of  water 
at  50^,  and  oil  at  100°  be  mixed,  the  resulting  tempe* 
rature  is  66^%  so  that  the  oil  haa  given  out  33j-%  and- 
the  water  has  increased  only  167^  Hence  the  heat 
which  raises  a  given  weight  of  water  1°,  will  raise  the 
same  weight  of  oil  8° ;  and  as  the  specific  heats  are. 
inversely  as  the  changes  of  temperatufe,  the  ^cific 
beat  of  water  may  be  called  1,  and  that  of  oil  0*  5. 

SSI.  The  following  is  a  genaral  forqiula  for  deter- 
mining the  specific  heat  of  bodies,  from  the  tempera*, 
ture  resulting  from  the  mixture  of  two  bodies  at  une- 
qual temperatures,  whatever  be  their  respective  quwui'* 
ties.  Multiply  the  weight  of  th^  water  by  the  differ^- 
ence  between  its  original  temperaturej  and  that  oftJkc 
mixture.  MuUipljfj  aisoy  the  weight  of  the  other 
liquid  by  the  difference  between  its  temperature  and 
that  of  the  mixture;  dioide  the  first  product  by  the 
second,  and  the  quotient  will  express  the  specific 
heat  of  the  other  substance^  that  of  water  being  =:  1. 
Thus  SO'  ounces  of  water  at  105,  mixed  with  12  ounces 
of  spermaceti  oil  at  40%  produce  a  t^nperature  of  90V 
Therefore,  multiply'  SO  by  15  (the  difference  between 
105  and  90)  =:  SOO.  And  multiply  18  by  50  (the 
diflference  between  40  and  90)  =  600.  Then  SOO-f-fiOO 
=  I,  which  is  the  specific  heat  of  oil ;  that  is,  water 
being  1,  oil  is  0*5. 

SSS.  When  this  comparison  is  extended  to  a  great 
variety  of  bodies,  they  will  be  found  to  differ  very  con* 
siderably  in  their  capacities  for  caloric,  and  as  a  li^now* 
ledge  of  this  diflference  is  of  great  importance  to  the 
chemist,  a  Table,  collected  firom  the  best  authoritie^i 
has  been  inserted  in  the  Appendix. 


19^    Cooling  of  bodies  injhienoed  t^  iJbnr  capacities, 

'  S39»  The  capaciaeft  of  bodies  for  lM«l.luiTe  eowi* 
derable  influeace  upon  the  rate  at  which  they  aise  healed 
and  cooled.  Those  bodies  which  aro  most  alowly 
heated  and  cooled  have  generally  the  grenlest  capaicity 
fbrhea^t.  Thnfl,ifequalquanlitiee  of  water  and  quick** 
mWer- be  placed  at  equal  dietancea  fWiia  the  fire^.the! 
quicksilver  will  be  more  rapidly  heated  than  the  water^ 
and  the  metal  will  cool  most  rapidly  when  cavriied  tp  a 
eold  place.  Upon  this  principle  Rrofessor  Leslie  ii^^ 
niously  determined  the  specific  heat  of'  bodies^  ohsenr^ 
ing  their  relative  times  of  cooling  a  certain,  number  of 
degree^  comparatively  with  waler^  under  similar  cir-* 
cumstancs* 

334.  Such  i»  the  simple  view  of  the  sufagecA ;:  and 
it  must  be  remembered  that  the  term  CofUtcky  iano4 
designed  to  point  out  any  particalar  causey  mechanic 
eal  or  chemical ;  neither  does  it  eippiesa  any  vague  ob^ 
scure  idea^  as  some  have  maintained*  Itis  meiely  a 
general  expression  to  denote  the  pn^rty  whieh  bodies 
have  of  containing  at  the  same  temperaiure^  and  in 
equal  weights  or  volumes,,  certain  quantities,  of  cakcici 
•  335.  Upon  what  this  property  depends  has  pot  yet 
been  disoovered,  nor.is  it,  perhaps,  a  matter  of  material 
consequence,  so  k>ng  as  the  phenomena  themselves  are 
correctly  observed  and  etated^  It  is  clear  that,  when* 
ever  the  capacity  of  body  is  augmented  thece  must  be 
an  absorption  of  caloric,  and  a  diminution  of  t«mpe« 
rature,  and  vice  versa*  It  cannot  then  be  doubted  but 
the  absorption  and  latent  state  of  calarie  which  take 
place  during  the  liquefaction  and  vaporisadon  ace  fiilly 
accounted  for,  on  the  supposition  of  Dr.  Irvine,  by.  the 
change  of  capacity  which  accompanies  these  phieno* 
mena.  That  there  should  be  such  a  change  is  o  priori 
extremely  probable;  for- since,  as>  there  ia  reason  to 
believe,  the  capacities  of  bodies  depend  on  certain  situ- 
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ations  of  their  minute  particles,  it  is  a  probable  infer- 
ence, that  when  the  form  of  a  body  is  altered,  its  capa- 
city also  will  be  altered;  and  as  rare  bodies  have  in 
general  greater  capacities  than  those  which  are  more 
dense,  there  is  some  reason  to  presume  that  the  capacity 
of  the  fluid  will  be  superior  to-  that  of  the  solid,  and 
that  of  the  vapour  or  gas  to  the  capacity  of  the  fluid. 

SS6.  This  conclusion  is  established  by  experiment, 
for  Dn  Irvine  found,  that  the  capacity  of  water  is 
greater  than  that  of  ice  by  one-tenth,  and  Dr.  Crawford 
states  the  capacity  of  aqueous  vapour  to  that  of  water 
as  1550  to  1000. 

337.  To  the  theory  of  Dr.  Irvine  it  has  been  ob- 
jected, that  if  the  absorption  of  caloric  be  not  consi- 
dered as  the  cause  of  the  change  of  form,  from  a  solid 
to  a  liquid,  or  a  liquid  to  a  vapour,  no  adequate  cause 
is  pointed  out.  The  reply  to  such  an  objection  is  ob- 
vious,— ^It  is  owing  to  the  body  being  expanded  to  a 
certain  degree,  by  which  its'  particles  are  so  far  sepa* 
rated,  that  the  force  of  cohesion  by  which  they  were 
held  together  is  diminished  or  overcome,  in  consequence 
of  which  a  new  arrangement  takes  place,  it  passes  into 
the  fluid  or  aerial  form,  and  in  such  a  state  as  more 
caloric  is  contained  in  it,  at  a  given  temperature,  a 
quantity  must  be  absorbed  in  order  to  preserve  that 
temperature.  The  general  question  would  be  unequi- 
vocally decided,  were  it  possible  to  determine  whether 
the  change  of  form  precedes  the  absorption  or  extrica- 
tion of  caloric,  or  whether  the  reverse  be  the  case. 
But  this  cannot  be  directly  ascertained,  since  the  two 
appear  to  be  simultaneous ;  it  is,  however,  more  pro- 
bable that  the  efiect  of  the  reduction  of  temperature  ia 
first  to  change  the  form,  and  that  the  extrication  of 
caloric  is  the  consequence  of  this.  The  late  discoveries 
of  Mr.  Faraday  add  considerable  support  to  such  a 


194         Heal  from  mechanical  compression. 

9upposition,  ibr  he  has  shewn  that  the  form  of  a  body 
may  be  reduced  by  merely  causing  the  particles  pf  a 
body  to  approximate  more  closely.  By  mere  .pressure 
he  has  reduced  gases  to  the  fluid  form.  This  pressure, 
it  is  evident,  can  haye  only  a  mechanical  effect  on  the 
aeriform  matter ;  it  must  merely  occasion  a  chapgp  of 
form  by  bringing  the  particles  into  closer  cb^tact,  and 
can  have  no  effect  in  separating  caloric,  were  it  chemi- 
cally combined.  Several  other  facts  come  in  aid  of  the 
same  conclusion;  by  the  mechanical  compression  of 
air  much  heat  is  given  out ;  thus,  if  air  be  suddenly 
compressed  in  the  ball  of  an  air-gun,  the  quantity  pf 
caloric  liberated  by  the  first  stroke  of  the  piston  is  suf- 
ficient to  set  fire  to  a  piece  of  tinder ;  a  flash  of  light 
is  said,  also,  to  be  perceptible  at  the  moment  of  con- 
densation. This  fact  has  been  applied  to  the  construc- 
tion of  a  portable  instrument  for  lighting  a  candle.  It 
consists  of  a  common  syringe,  concealed  in  a  waling 
stick.  At  the  lower  extremity,  the  syringe  is  furnished 
with  a  cap,  which  receives  the  substance  intended  to 
be  fired,  and  which  is  attached  to  the  instrument  by  a 
male  and  female  screw.  The  rapid  depression  of  the 
piston  condences  the  air,  and  evolves  sufficient  heat  to 
'  inflame  the  tinder.  When,  on  the  contrary,  air  is  sud- 
denly rarefied  to  many  times  its  volume,  its  temperatui^ 
falls  sufficiently  to  sink  a  very  sensible  thermometer 
50°of  JbA.  its  sensible  heat  instantly  passing,  in  this 
case,  into  a  latent  form.  This  principle  is  well  exem- 
plified in  a  machine  erected  at  one  of  the  mines  a^ 
Chemnitz  in  Hungary.  In  this  apparatus  the  air  within 
a  large  cylinder  is  very  forcibly  compressed  by  a  column 
of  water  260  feet  high.  Therefore,  whenever  a  stop- 
cock which  is  attached  to  the  lower  part  of  the  cylinder 
is  opened,  the  compressed  air  rushed  out  with  violence, 
and  its  expansion  is  so  sudden  and  considerable  tha^ 
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the  OMliiUlKB  which  was  cootiuiied  id  the  cprnpreflsed 
«ur  ift  imoiediately  condensed,  and  falls  in  a  #hower  qf 
mow. 

SS8.  From  the  aboye  (Kmsiderations  it  appeals  mofe 
philosophical  to  conclude^  that  the  idisoTptioa  of  calo- 
lie,  which  accompanies  liquefiMCtioa  and  irapcHriBation^ 
is  owii^  not  to  its  entering  into  chemical  combination, 
biu  to  the  enlaiged  capacity  which  the  body  acquires 
by  the  change  of  form* 


Ov  THB  DIFFBBENT  METHODS  OF  ME;ASI7]IINQ  TbiI- 
PBBATUJIE. 

SS9.  On  the  principle  of  bodies  expanding  by  heat 
is  founded  the  constraction  of  the  Tkermometery  an 
insirument  of  so  much  importance  in  every  philosophi- 
cal inYestigation,  that  it  is  absolutely  necessary  for  the 
sladeDt  to  become  acquainted  with  the  construction  of 
the  diflbssnt  kinds  which  are  employed. 

340.  To  Sanctorius  of  Padua  we  are  originally  in*- 
debted  for  the  invention.    The  instrument,  however, 

Q    employed  by  that  philosopher  was  of  a  very 
simple  description,  and  measured  variations 
of  temperature  by  the  variable  expansion  of 
a  confined  portion  of  air.     This  instru- 
ment is  represented  in  the  margin.    It  con- 
sists of  a  glass  tube,  eighteen  inches  long, 
topen  at  one  end,  and  blown  into  a  ball  at 
the  other.    If  a  warm  hand  be  ap{died  to  the 
ball,  the  included  air  will  expand,  and  a  por- 
tion be  expelled  through  the  open  end  of  the 
g  -    tube.    And  if,  in  this  stote  the  aperture  is 
u--^   qiuckly  immersed  in  a  cup  filled  with  some 
ccdouxed  liquid,  it  will  ascend  in  the  tube,  as  the  air 
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in  the  ball  contracts  by  cooling,  and  its  altitiuae  ^11- 
in  every  case  depend  upon  the  degree  of  ezpanaon 
which  the  air  has  pieyiously  undeigone.  In  this  man- 
ner it  is  prepared  for  use,  and  will  indicate  increcMe  of 
temperature  by  the  descent  of  its  fluid,  and  vke  versa*. 
These  effects  may  be  exhibited,  alternately,  by  apply- 
ing the  hand  to  the  ball,  and  then  blowing  on  it  with 
a  pair  of  bellows.  The  amount  of  the  expansion  or 
contraction  is  measured  by  a  graduated  scale  attached 
to  the  stem  of  the  instrument.  It  is  evident,  however, 
that  such  a  form  of  apparatus  must  be  extremely  incon- 
venient, and  Mt.  Boyle,  accordingly,  modified  its  con- 
stiniction  in  the  following  manner.  He  took  a  glass 
vessel,  of  a  spherical  shape,  and  introduced 
into  it  a  quantity  of  coloured  liquid  sufficient 
to  occupy  about  a  fourth  of  its  capacity.  The 
glass  tube,  open  at  both  ends,  was  th»i  ce- 
mented into  the  neck,  with  its  lower  aperture 
beneath  the  sur&ce  of  the  liquid.  In  this 
case  the  expansion  of  the  included  air  drives 
the  liquid  up  the  stem,  to  which  a  graduated 
scale  may  be  attached  to  mark  its  extent. 
Another  vei^  simple  modification  of  this  in- 
strument has  been  proposed,  and  consists  in 
introducing  a  small  column  of  tinged  liquor, 
of  about  an  inch  in  length,  into  a  tube  of  very 
fine  bore,  and  from  9  to  IS  inches  in  length, 
at  one  end  of  which  is  blown  a  ball,  from 
half  an  inch  to  an  inch  in  diameter,  and 
which  is  blackened  by  paint,  or  by  the  smoke 
of  a  candle.  To  render  this  instrument  ap- 
plicable, the  coloured  column  ought  to  be 
stationary,  about  the  middle  of  the  ^  tube,  at  the  com- 
mon temperature  of  the  atmosphere,  when  its  station 
will  be  altered  by  the  slightest  variation  of  temperature 
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afifecting  the  air  contaiaed  ia  the  bulb,  and  a  scale  of 
^tial  parts  may  be  so  adjusted  as  to  .measure  the 
amount  of  the  efiect. 

341.  The  advantages  of  the  Air  Theimometer  con* 
sist  in  the  great  amount  of  the  expansion  of  air,  when 
c<Mnpared  with  that  of  any  liquid;  by  which  it  is 
enabled  to  detect' minute  changes  of  temperature,  which 
the  mercurial  thermometer  would  searcely. discover; 
for  air  is  increased  in  volume  by  a  given  elevation  of 
temperature,  about  twenty  times  more  than  quicksilver. 
The  advantages,  however,  which  attend. this  excessive 
delicacy  are  counterbalanced  by  several  serious  object 
tions.  It  will  be  readily  seen,  for  instance,  that  the 
air  thermometer  will  not  only  be  aflkcted  by  changes  of 
temperature,  but  by  variations  of  .atmospheric  pressure. 
34S.  Professor  Leslie,*  under  the  name  of  the  Dif^ 
Jerential  Thermometer^  has  introduced  a  very  import* 
ant  modification  of  the  air  thermometer.    It  consists 

of  two  glass  tubes  of  unequal  length, 
each  terminating  in  a  hollow  ball,  as 
represented  in  the  annexed  figure, 
which  are  united  by  a  tube  twice  bent 
at  right  angles,  containing  coloured 
sulphuric  acid.  Whenever  a  ho%  body 
approaches  one  of  the  bulbs,  it  must 
necessarily  drive  the  fluid  tovirards  the 
other.  It  is  evident  then  that  this  in- 
strument cannot  be  employed  to  mea- 
sure variations  in  the  temperature  of 
the  surrounding  atmosphere,  because, 
as  long  as  both  balls  are  of  the  same 
temperature,  whatever  this  may  be, 
the  air  contained  in  both  will  have 
the  same  elasticity,  and,  consequently, 


•  ExperimenUl  Inquiry  into  the  Nature  and  Propagation  of 
Heat,  by  John  Leslie.    London,  1804,  p.  9,  &c. 
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the  interdttded  coloured  liqiior,  being  pfessed  equally 
in  opposite  diitections,  must  remain  statioaarj.  If^ 
however,  any  change  of  temperature  is  effected  in  one 
of  the  balk,  the  instrument  will  immediately  indicate 
this  difference  with  the  greatest  nicety.  The  amount 
of  this  effect  is  ascertained  by  a  graduated  seale,  the  in« 
temd  between  freezing  and  boiling  being  distinguished 
into  100  equal  degrees.  This  thermometer  is  peculiarly 
adapted  to  ascertain  the  difference  of  the  temperatures 
of  two  contiguous  spots  in  the  same  atmosphere,  and 
its  appUcadon  has  thrown  considerable  light  upon  se- 
veral  of  the  more  obscure  phsenomena  of  caloric. 

349.  The  Thermometer  in  ordinary  use  consists  of 
an  hermetically  sealed  glass  tube,  terminating  at  one 
extremity  with  a  bulb.  The  bulb  and  part  of  the  tube 
are  filled  with  an  appropriate  liquid,  which,  when  de« 
signed  to  measure  very  low  temperatures,  is  spirit  of 
wine,  under  other  circumstances  quidcsilver  is  better 
adapted  for  the  purpose.  A  graduated  scale  is  attached 
lo  the  stem ;  and,  whenever  the  instrument  is  applied 
to  bodies  of  the  same  temperature,  the  mercury,  or  spi- 
rit, being  similarly  expanded,  indicates  the  same  degree 
of  heat.  In  dividing  the  scale,  the  two  fixed  points 
usually  resorted  to  are  the  fireezing  and  boiling  of  water, 
which  always  take  place  at  the  same  temperature,  when 
under  the  same  atmospheric  pressure ;  the  intermediate 
part  of  the  scale  is  divided  into  any  convenient  number 
of  degrees*  In  the  Ceniigradey  this  space  is  divided 
into  100%  as  its  name  imports ;  the  fireezing  point  of 
water  being  marked  0^,  the  boiling  point,  lOO'^.  In 
this  country  we  use  the  scale  of  Fahrenheit,  of  which 
the  0^  is  placed  at  32^  below  the  fireezing  of  water, 
which  is  therefore  marked  38^,  and  the  boiling  point 
918°,  the  intermediate  space  being  divided  into  180 
degrees.    The  scale  more  commonly  used  on  the  con- 
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tinent  is  that  of  Reaumur,  in  which  the  freezing  point 
is  O^y  the  boiling  point  80°.  As  the  medical  student 
in  his  perusal  of  foreign  works  will  frequently  have  oc- 
casion to  reduce  the  degrees  upon  these  scales  to  cor- 
responding ones  on  that  of  Fdirenheit,  it  may  be 
useful  fbr  him  to  learn  the  fbUowing  simple  formula, 
for  that  purpose.  It  will  be  seen  that  each  degree  of 
Fahrenheit  is  equal  to  4  of  a  degree  of  Reaiunur;  if^ 
therefore,  the  number  of  degrees  on  the  former  scale^ 
above  or  below  the  freezing  of  water,  be  multiplied  by 
4  [and  divided  by  9,  the  quotient  will  be  the  corres* 
ponding  degree  of  Reaumur,  thus 

68»  — 32°=  36X4=144-i-9=16» 
212«  — 32»  =  180 X  4 =720-^*9  =  80» 

To  reduce  the  degrees  of  Reaumur  to  those  of  Fahren* 
heit,  they  are  to  be  multiplied  by  9  and  divided  by  4, 
when  the  quotient  -|»  32  will  be  the  number  required, 
thus 

16X9  =  144  —  4=   864-52  =  68° 
80  X  9  =  730 -i- 4  =  180  +  32  =  212° 

To  kdapt  the  degrees  of  the  Centigrade  to  those  of 
Fahrenheit,  since  every  degree  of  the  latter  is  equal 
to  4  of  a  degree  of  the  former,  we  have  only  to  multiply 
the  clegrees  of  the  centigrade  by  9,  and  divide  by  S, 
when  the  quodent  +  32  will  solve  the  problem,  thus 

CeHttgrade.  FakteKktU* 

100  X  9  =  900-=-5  =  180  + 32  =  212° 
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344.  As  the  PharmaceutiBt  will  fre- 
quently have  occasion  to  employ  the 
thennometer  for  ascertaining  the  tem- 
perature of  corrosive  Uquids,  the  gra- 
duated, scale  should  be  provided  with  a 
hinge,  so  as  to  double  back,  and  leave 
the  bidb  exposed,  as  represented  in  the 
margin. 


343.  For  measuring  high  temperatures,  it  is  evident 
that  the  Thermometer  cannot  be  employed.  An  instru- 
ment, called  a  Pyrometer j  has  accordingly  been  con- 
structed, founded  on  the  property  which  metals  possess 
of  expanding  by  heat,  an  account  of  which  may  be 
found  in  most  elementary  works  on  chemistry.  Sir 
Isaac  Newton  exposed  a  body,  whose  temperature  he 
wished  to  discover,  to  the  action  of  cold  air,  and  ob- 
served the  length  of  time  which  it  required  to  reduce 
it  to  a  temperature  which  fell  within  the  range  of  the 
thermometer;  he  then  marked  the  period  it  took  to  cool 
every  degree,  and  from  such  data  inferred  the  original 
temperature  of  the  body.  It  is  obvious  that  such  a  pro- 
cess is  liable  to  incalculable  fallacies.  Lavoisier  and 
La  Place  proposed  to  inclose  the  heated  body  in  ice, 
and  to  estimate  the  quantity  which  it  liquefied  during 
its  refrigeration,  and  for  conducting  the  operation,  an 
instrument  termed  a  Calorimeter  yre^s  invented,  but  it 
has  been  found  incapable  of  affording  results  sufficiently 
precise. 
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On    yhb  different  Artificial  Processes   bt 
WHICH  Temperature  mat  be  increased  or 

DIMINISHED. 

1.    Methods  of  producing  Cold  Artpicially* 

A.    By  Liquefaction. 

346.  The  theory  of  the  production  of  cold  by  the 
rapid  conversion  of  solids  into  liquids  has  been  already 
fully  explained  (897.)  It  is  only  necessary  in  this 
place  to  furnish  a  list  of  the  bodies  which  are  best 
adapted  for  such  a  purpose,  and  to  offer  some  practical 
advice  respecting  the  manner  of  conducting  the  opera- 
tion. The  following  table  shews  the  results  of  some  of 
Mr.  Walker's  experiments  on  the  subject  of  Frigorific 
mixtures. 


Afixtarcs. 

Thermometer  sinks. 

Muriate  of  ammonia  . .  6  parts 

Nitre 5 

Water 16 

From  50*  to  10* 

Muriate  of  ammonia  . .  5 

Nitre 5 

Sulphat  of  Soda 8 

Water 16 

From  50  to  4 

Nitrate  of  ammonia. . .  1 
Water 1 

From  50  to  4 

Nitrate  of  ammonia ...  1 
CarlK>nateof  soda  ....  1 
Water 1 

From  50  to  7 

Sulphate  of  soda 3 

rDiluled  nitric  acid ....  8 

From  50  to  3 

Frigof^c  Miottvres. 


Mixtiires, 

Thermometer  sinks. 

Safphafe  of  soda 6parts 

Muriate  of  aminoiiia  ..  4 

From  50*  to  l(r 

Diluted  nitric  acid  ....  4 

Sulphate  of  soda 6 

Nitrate  of  ammonia. . .  5 
Diluted  nitric  acid  •  •  •  •  4 

• 

From  50  to  14 

1 

Phosphate  of  soda.  •••.  9 
Diluted  nitric  add....  4 

From  50  to  IS 

Phosfdiatdofsbda 9 

Nitrate  of  ammonia...  6 
Diluted  nitric  acid ....  4 

* 

.  Front  50  to  91 

. .       .    .             » 

Sulphate  of  soda 8 

Diluted  sulphuric  acid .  5 

From  50  to  0 

Sulphate  of  soda 5 

Diluted  sulphuric  acid .  4 

From  50  to  3 

Snow 1 

From  38  to  0 

Oomnion  salt ..••■••««  \ 

Muriate  of  lime 3 

Show  ....•••. 8 

From  39  to  —50 

-  \ 

Potan 4 

FromSSto^r^l 

Snow •.«.  3 

Snow -  . . . .  1 

Diluted  sulphuric  acid.  1 

FromSOto— 4M> 

«       .  •                 •   •  •       - 

Snow  or  pounded  ice. .  8 
C!oTnTnon  nit .....••-•1 

.FcomOto^-^ 

Snow  tod  diluted  nitric  acid 

•  • 

From  0  to  —46 

Muriate  of  lime 9 

Snow 1 

From  0  to — 66 

Snow  or  pounded  ice . .  1 
Common  salt  .•.••••.•  5 

From— 510— 18 

Muriate  of  anuoaia  >  ^ 
and  nitre $ 

Rrigorffie  MItMtttre*. 


ft» 


i**-* 


Miztmcs* 


Snow 

Diluted  salfiliiirie 
Dilated  nitric  acid . 


Spaiis 
1 


From -*-l<f  to -^-4kl* 


Sftow  at  pounded  ice.  It 
Common anlt. •••••••.  5 

Nitrate  of  ammonia. . .  5 


Muriate  of  lime..  .J...  8 
Snow 1 


Dilated  sulphuric  add  10 
Snow 8 


TiMf  diODielef  sinks* 


From  —18  to  --4I6 


From  —40  to  —7^ 


From  —68  to  —^1 


347.  In  order  to  ensure  the  suceefis  of  these  operas 
tions,  the  salts  employed  must  be  fresh  crystallised^ 
and  newly  reduced  to  a  very  fine  powder.  The  vessels 
in  which  the  freezing  mixture  is  made  should  be  very 
thin,  and  just  large  enough  to  hold  it,  and  the  materiab 
should  be  mixed  together  as  quickly  as  possible,  for 
upon  the  rapidity  with  which  the  solution  is  eflfected 
the  degree  of  refrigeration  produced  will  in  great  mea- 
sure depend.  The  vessel  ought,  moreover,  to  be  en^ 
veloped  in  some  bad  conducting  substance,  such  mi 
flannel*  As  the  water  of  crystdlization  seems  to  per* 
form  an  important  part  of  the  cooling  effect,  efflorescent 
salts  should  be  rejected.  The  materials  to  be  employed, 
in  order  to  produce  great  cold,  ought  to  be  first  re^ 
duced  to  the  temperature  marked  in  the  table,  by 
placing  them  in  some  of  the  other  fireezing  mixtures  ; 
and  then  they  are  to  be  mixed  together  in  a  similar 
freezing  mixture.  If,  for  instance,  we  wish  to  produce 
a  cold  zn  -^-46° y  the  snow  and  diluted  nitric  acid  ought 
to  be  cooled  down  to  0^,  by  putting  the  vessel  which 
Contains  each  of  them  into  the  12th  fireezing  mixturef 
in  the  above  Table,  before  they  are  mixed  together; 
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It  may  be  observed  that  the  expense  of  makiiig  irigo- 
rific  mixtures  is  trifling,  because,  in  many  cases,  the 
salts  may  be  recovered  by  evaporating  the  water  in 
which  they  were  dissolved.  Mi*.  Walker,  who  was  in 
the  habit  of  recovering  the  salt,  remarks  that  no  dimi- 
nution was  observed  in  its  effect,  ailer  many  repeated 
evaporations.  But  the  cheapest  and  most  efficacious 
salt  which  has  been  employed  fbr  the  reduction  of  tem- 
perature is  the  muriate  of  lime,  first  used  by  Mr*  Liowitz ; 
and  which,  when  mixed  with  snow,  is  extremely  active 
in^  the  production  of  cold.  Mr.  Lowitz  directs,  not 
only  that  this  salt  should  be  perfectly  well  dried,  but 
that  it  should  be  in  that  state  in  which  it  is  crystallized 
with  the  largest  possible  quantity  of  water  of  crystal- 
lization, which  is  effected  by  putting  the  solution  aside 
to  cool  when  of  the  specific  gravity  1*5  or  1*53.  When, 
however,  a  reduction  of  15°  or  S0°  of  temperature  is 
only  required,  equal  parts  of  nitre  and  sal  ammoniac 
are  found  most  advantageous  and  oeconomical,  as  the 
salts  are  easily  recovered  by  evaporation. 

348.  The  Physician  or  Surgeon  in  directing  the  use 
of  saline  solutions  fbr  the  purpose  of  refrigeration, 
unless  guided  by  the  principles  here  explained,  will 
fail  in  producing  the  effects  he  might  anticipate.  A  so- 
lution of  nitre,  for  instance,  is  often  prescribed  with  a 
view  of  producing  cold  in  the  stomach ;  in  such  a  case, 
the  salt  should  be  swallowed  the  instant  it  is  dissolved, 
or  no  advantage  can  possibly  result ;  (see  Pharmacol 
iogioy  Edit.  6,  voL  1,  p.  21S.) 

B.     By  Evaporation, 

349.  This  is  perhaps  the  more  universal  and  effica- 
cious mode  of  reducing  temperature,  and  is  practised 
diffisrent  ways,  in  various  parts  of  the  globe ;  thus,  in 
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India^  where  the  apartments  are  separated  from  their 
courts  by  curtains  instead  of  waUs,  slaves  are  employed 
in  perpetually  sprinkling  these  curtains  with  water,  the 
evaporation  of  which,  when  constantly  kept  up,  will 
reduce  the  temperature  of  the  rooms  ten  or  fifteen  de- 
grees. The  principle  of  cooling  by'  evaporation  is  well 
^uiderstood  by  the  caravans  who  cross  the  great  desert 
of  Arabia*  These  people  have  occasion  for  a  large 
quantity  of  water,  which  they  carry  with  them  on 
camels,  in  bottles  of  earthen-ware,  and  which  in  pass- 
ing over  the  burning  sands  of  that  country,  would  be- 
come very  disagreeably  hot,  were  it  not  for  the  follow- 
ing expedient,  which  is  universally  adopted  by  them* 
When  they  lay  in  their  stock  of  water,  each  bottle  is 
enfolded  in  a  linen  cloth,  and  some  of  the  company  are 
appointed  to  keep  these  cloths  constantly  wet  during 
the  journey ;  by  which  means  a  perpetual  evaporation 
is  produced,  and  the  contents  of  the  bottles  are  pre- 
served at  a  cool  and  refireshing  temperature.  In  like 
manner,  in  the  nights  in  Bengal,  when  the  temperature 
is  not  below  50®,  by  the  exposure  of  water  in  earthen- 
pans  upon  moistened  bamboos,  thin  cakes  of  ice  are 
formed,  which  are  heaped  together  and  preserved  under 
ground  by  being  kept  in  contact  with  bad  conductors 
of  heat.  At  sea,  wine  and  other  liquors  may  be  cooled 
by  enveloping  the  bottles  in  wetted  linen,  and  exposing 
them  to  a  current  of  air  in  the  sails.  The  Alcarazas 
of  Spain  for  cooling  wine  act  on  the  same  principle  of 
evaporation.  These,  which  are  very  porous  earthen 
vessels,  are  prepared  for  use  by  soaking  them  in  water 
for  a  considerable  time,  so  as  to  saturate  them  with 
that  fluid.  Within  these  jars,  vessels  containing  the 
wine  are  introduced,  when  the  perpetual  oozing  and 
evaporation  of  the  water  cools  the  interior  of  the  ves- 
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«ely  and  conseqaenUy  reduces,  in  801110  moamt^  the 
temperature  of  the  wine  or  other  liquor  placed  in  it.* 

350*  Upon  the  principle  of  the  sudden  rar^Bictiaii 
/of  air  producing  cold,  as  so  beautiiully  illustrated  b  j 
4he  hydraulic  machine  at .  Schemnitz,  M.  Gay  Lussne 
has  lately  proposed  a  refingerating  ^^ratu%  which  i% 
in  fiict,  a  miniature  representation  of  the  machine  above 
inaitioned.  ;  He  exposes  the  small  body  to  be  cooled  to 
a  stream  of  air  escaping  by  a  small  orifice,  from  a  box 
in  which  it  had  been  strongly  condensed.  But,  of  all 
-the  expedients  devised  fbr  this  purpose,  none  equals 
in  ingenuity  or  eflfect  that  invented  by  Mr.  Pro&ssor 
Leslie.  This  af^Mucatus  is  constructed  upon  the  well 
known  fact,  that  water  evaporates  with  much  more 
rapidity  under  a  diminished  preMMure^  especially  if  the 
vapour  J  which  is  fotmied^  he  condemed  a$  soon  as  it 
'is  produced,  so  as  to  maintain  the  vacuum* 

The  annexed  sketch  exhibits 
the  most  approved  form  of  the 
apparatus.  The  water  to  be 
congealed  is  contained  in  a 
shallow  vessel  supported  on  a 
stand,  which  is  placed  in  ano- 
ther contaimng  concentrated 
sulphuric  acid,  or  dry  muriate 
of  lime,  or  even  dried  garden 
mould,  or  parched  oatmeal,  or 
indeed  any  other  substance 
that  has  the  property  of  at- 
tracting moisture  powerfully. 
The  whole  is  then  covered  by 
the  receiver  of  an  air  punq>, 

*  The  wine  coolers  which  are  maaiifactured  in  this  country  for 
the  same  purpose  are  ill  calculated  for  the  accomplishment  of 
their  object.    They  are,  4o  general,  much  larger  tosn  is  neces* 
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iHiich  is  rapidly  exhausted;  aud,  as  soon  as  %hb^ 
is  effected^  crystals  of  ice  begin  to  shoot  in  the 
water,  and  a  considerable  quantity  of  air  makes  its 
escape,  after  which  the  whole  of  the  ice  becomes  solid. 
The  rarefaction  required  is  about  100  times;  but  to 
support  congelation,  afler  it  has  taken  place,  SO  or 
e¥en  10  times  are  sufficient.  The  acid  continues  to 
act  until  it  has  absorbed  an  equal  volume  of  water* 
If  the  Teasel  of  water  is  covered  with  a  plate  of  metal 
or  glass  fixed  to  the  end  of  a  sliding  wire,  and  which 
passes  through  the  neck  of  the  receiver  so  as  to  be,  at 
the  same  time,  air  tight  and  moveable,  as  shewn  in  the 
annexed  figure,  the  water  will  continue  fluid,  after  the 
exhaustion  of  the  receiver,  until  the  cover  is  removed, 
when  in  less  than  five  minutes,  needle-shaped  crystals 
gf  ice  will  shoot  through  it,  and  the  whole  will  shortly 
become  firozen.  In  this  process,  it  is  evident  that  were 
not  sulphuric  acid,  or  some  other  absorbent,  present;^ 
an  atmosphere  of  aqueous  vapour  would  soon  fill  the 
receiver,  and,  by  pressing  on  the  surface  of  the  water, 
prevent  the  further  production  of  vapour.  But  the 
steam  which  arises,  being  condensed  the  moment  it  is 
formed,  the  evaporation  goes  on  very  rapidly,  and  has 
DO  limits  but  the  quantity  of  the  water,  and  the  dimi- 
nishing concentration  of  the  acid.  If  in  this  experi* 
ment  the  temperature  of  the  sulphurice  acid  be  *  ex- 
amined, it  will  be  found  to  have  been  raised  consider- 
ably, as  we  should,  a  priori  have  conjectured.  So  that 
the  two  converse  operations  of  vaporization  and  con- 
densation have  on  this  occasion  been  accompanied 

sar  J,  in  consequence  of  which  a  sheet  of  air  of  the  temperatare 
of  the  room  envelopes  the  bottle,  and  prevents  the  proper  action 
of  the  Alcaraza  upon  it;  whereas,  if  they  were  made  perfectly 
cylindrical,  instead  of  being  bul^d,  and  no  larger  than  Just 
safBcient  to  admit  the  bottle  withm  them,  they  would  be  mi|ch 
better  refrigerators  than  those  which  are  usually  sold. 
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with  corresponding  changes  of  temperature,  as  altead/ 
explained  by  the  interesting  experiment  of  Mr.  Fara- 
day (3S5,  note.) 

SSL  In  our  operations  to  produce  cold  by  evapora- 
tion the  efifect  will  be  more  striking  and  rapid,  if  we 
employ  fluids  that  evaporate  at  a  lower  temperature 
than  water ;  thus  sther  may  be  made  subservient,  on 
many  occasions,  to  the  purposes  of  refngeration,  and 
this  fluid  as  well  as  alcohol  accordingly  aflfords  the 
physician  a  valuable  ingredient  for  the  formation  of 
cooling  lotions.  The  frequent  abuse  of  such  applica- 
tions will  afibrd  a  striking  illustration  of  the  necessity 
of  chemical  knowledge  for  the  preparation  and  direc- 
tion of  remedies.  I  have  known  a  lotion  of  this  kind 
applied  to  the  head,  when  the  patient  has  immediately 
covered  it  with  a  flannel  cap,  and  thus  converted  into 
a  rubefacient  that  which  was  intended  to  act  as  a  re- 
frigerant. As  an  instance,  the  converse  of  this,  we 
have  heard  of  the  application  of  Brandy  to  the  feet, 
with  the  view  of  preventing  the  ill  eflfects  of  previous 
cold,  having  occasioned,  by  its  evaporation,  such  a  di- 
minution of  temperature  as  to  have  aggravated  the  evil 
it  was  intended  to  counteract.  If  we  would  prevent 
the  mischief  that  usually  accrues  from  wet  clothes,  we 
have  only  to  prevent  the  evaporation  that  is  thus  occa- 
sioned. If  a  person  in  such  a  situation  covers  himself 
vnth  a  dry  great  coat,  he  will  have  little  occasion  to 
fear  the  effects  of  his  accident. 

SSS.  Liquid  Sulphurous  acid,  in  consequence  of 
the  rapidity  with  tvhich  it  evaporates  under  the  ordi- 
nary pressure  of  the  atmosphere,  has  been  recently  em- 
ployed with  great  success  for  the  reduction  of  tempera- 
ture. 

S53.  A  convenient  mode  of  keeping  up  a  uniform 
evaporation,  for  reducing  the  temperature  of  any  part 
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6f  the  body,  as  in  ttie  case  of  fractured  limbs,  &c.  is  to 
aUow  the  gradual  distillation  of  water  upon  it  through 
tbe  medium  of  skeins  of  cotton  as  before  described. 

(180.) 

364.  Thie  Pharmaceutist  frequently  avails  himself 
of  the  cooling  property  of  taporization,  for  regulating 
the  heat  employed  in  his-  various  processes.  It  is  upon 
the  same  principte  that  the  Phaimacopceia  directs  the 
ingredients  of  several  plasters  to  be  heated  virith  water, 
lirlnch,  during  its  passage  into  vapour,  carries  off  a  con* 
siderable  portion  of  caloric,  and  thereby  prevents  the 
temperature  from  becoming  sufficiently  high  to  enable 
the  fatty  matter  to  decompose  the  metallic  oxides,  or 
to  undergo  a  chemical  change  by  which  the  adhesive 
ix)wer  of  the  plaster  would  be  diminished. 

S55.  Besides  the  modes  above  enumenited,  the  tem- 
perature of  bodies  may  be  lowered  by  connecting  them 
with  good  radiators  and  conductors  of  caloric,  a  prin- 
ciple which  has  been  beautifully  illustrated^  by  the 
splendid  invention  of  Sir  H«  DaVy's  Safety  Lcunp. 

• 

2»  Metuom  of  producing  Heat  AKTiFiciALiiV. 

•  ■  . 

^56.    The  means  which  have  been  employed  for  this 

purpose  in  different  parts  of  the  world  have  been  so 

.various,  that  I  can  only  attempt  to  enumerate  a  small 

proportion  of  them ;  but  I  shall  select  those  which  may 

be  applied  to  some  useful  purpose   connected  with 

JVIedicine,  or  which  may  serve  to  throw  some  light  upon 

xhe  production  of  the  temperature  of  animals. 

A.    Bjf^  Percussion. 

357.  •  If  a  piece  of  iron  be  smartly  and  quickly  struck 
with  a  hannner  it  becomes  red  hot,  and  nothing  is  more 
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common  in  some  countries,  where  fUd  is  dear  and  fiiM 
are  not  kept  up  during  the  night,  than  for  a  smith  to 
procure  a  light  in  the  morning  by  such  an  expecUent* 
It  deserves  notice,  however,  that  heat  has  never  been 
observed  to  follow  the  percussion  of  liquids,  nor  of  soil 
bodies  which  easily  yield  to  the  stroke.    The  import- 
ance of  this,  fact  to  the  Physiologist  will  become  ap- 
parent when  we  treat  of  the  source  of  animal  heat. 
^The  evolution  of  caloric,  by  percussion,  seems  to  be 
the  result  of  a  permanent  or  temporary  condensation 
of  the  body  struck,  by  which  its  capacity  is  diminished. 
Part  of  the  caloric,  however,  which  is  thus  evolved,  in 
^me  casep,  originates  in  another  manner ;  for,  by  con- 
densation, as  much  caloric  is  evolved  as  is  sufficient  to 
raise  the  temperature  of  some  of  the  particles  of  the 
body  high  enough  to  enable  it  to  combine  with  the 
oxygen  of  the  atmosphere. 


B.    Bjf  Friction. 

358.  Friction  seems  to  be  only  a  succession  of  per- 
cussions, and  yet  the  density  of  bodies  rubbed  against 
each  other  is  not  increased,  as  happens  in  cases  of  per- 
cussion, for  heat  is  produced  by  rubbing  sofl  bodies 
against  each  other ;  the  density  of  these  cannot  there* 
fore  be  increased  by  such  means,  as  any  one  may  con- 
vince himself  by  rubbing  his  hand  smartly  against  his 
coat.  It  is  indeed  true  that  heat  cannot  be  produced 
by  the  friction  of  liquids  *  but  then  they  are  too  yield- 
ing to  be  Subjected  to  strong  friction.  It  is  not  owing 
to  the.specific  caloric  of  the  rubbed  bodies  decreasing ; 
for  Count  Rumford  has  shewn  thiat  there  was  no  sen- 
sible decrease ;  nor  if  there  were  a  decrease,  would  it 
be  sufficient  to  account  for  the  vast  quantity  of  heai 
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idiieh  IB  sotnetimed  produced  by  friction.  Nor  is  it 
Owing  to  the  combustion  of  oxygen  with  the  bodies 
themselves,  or  with  any  part  of  them*  Are  we  then  to 
conclude,  with  Count  Rumford,  that  there  is  no  such 
substance  as  Cahrkj  biit  that  it  is  merely  a  peculiar 
kind  of  motion  9  by  no  means ;  we  are  not  sufficiently 
acquainted  with  the  laws  of  the  motion  of  caloric,  ta 
be  able  to  affirm  that  friction  cannot  c^use  it  to  accu-' 
mulate  in  the  bodies  rubbed.  At  present,  we  must 
rest  upon  it  as  an  ultimate  fact,  and  be  satisfied  with 
availing  ourselves  of  the  advantages  to  which  a  know-" 
ledge  of  it  may  conduce.  The  original  inhabitants  of 
the  New  World,  throughout  the  whole  extent  from 
Patagonia  to  Greenland,  procured  fire  by  rubbing 
pieces  of  hard  and  dry  wood  against  each  other,  until 
they  emitted  sparks,  or  kindled  into  flame ;  some  of  the 
people  to  the  north  of  California  produced  the  same 
effect  by  inserting  a  pivot  in  the  hole  of  a  very  thick 
plank,  and  causing  it  to  revolve  with  extreme  rapidity^ 
This  fact  explains  how  immense  forests  have  been  con-* 
Bumed,  from  the  violent  friction  of  the  branches  against 
each  other  by  the  wind. 


C*    By  the  Condensation  of  Steam. 

S59.  That  vapours,  in  passing  to  the  state  of  li<)tiids^ 
part  with  a  considerable  proportion  of  caloric,  has  been 
•sufficiently  demonstrated  in  the  preceding  section,  we 
have  now  merely  to  consider  the  modes  by  which  the 
-fact  may  be  made  subservient  to  oeconomical  purposes. 

960.  Large  quantities  of  water,  or  other  liquids, 
may  be  heated  by  steam  in  three  Ways ;-— the  steam  pipe 
may  be  plunged  with  an  open  end  into  the  water  cis^ 
tern;  or  the  steam  may  traverse  the  fluid. in  pipes,  as 

o8 
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in  the  case  of  th«  coudetising  tub  i)i  the  atiU ;  0t  th^ 

veflsel  may  be  provided  with  double  aides,  and  the  «teaiA 

m9J  be  difiuaed  a^uhd  in  the  intefstieeu    This  latter 

mode  is  of  universal  af^licability,  and  is  that  vrhich 

has  been  adq>ted  with  particular  advantage  in  the 

laboratories  at  Apothecaries'  Hall.  *    For  operations 

on  a  smaller  scale  vapour  1>ath8  may  be  employed  with 

much  advantage*    Dr.  Ure  has  given  us  directions  fot 

constructing  a  simple  apparatus  which  is  well  desi^p^d 

for  the  use  of  the  medical  practition^ ;  it  is  oeconomi* 

cal,  efficacious,  and  extremely  easy  of  application.    A 

square  tin  box,  about  18  inches  long,  18  broad,  and  6 

deep,  has  its  bottom  hollowed  a  little  by  the  hammer 

towards  its  centre,  in  which  a  round  hole  is  cut  of  five 

or  six  inches  in  diameter.     Into  this,  a  tin  tube,  three 

or  four  inches  long,  is  soldered.    This  tube  is  made  to 

fit  tightly  into  the  mouth  of  a  common  tea  ketde,  which 

has  a  folding  handle.    The  top  of  the  box  has  a  num* 

ber  of  circular  holes  cut  into  it,  of  diffiarent  diameters^ 

into  which,  evaporating  capsules  of  platinum,  glass,  or 

porcelain,  are  placed.     When  the  kettle,  filled  with 

water,  and  with  its  nozzle  corked,  is  set  on  a  stove,  the 

vapour,  playing  on  the  bottoms  of  the  capsules,  heats 

them  to  any  required  temperature;  and  being  itself 

continually  condensed,  it  runs  back  into  the  kettle,  to 

be  raised  again,  in  ceaseless  cohobation.   With  a  shade 

above,  to  screen  the  vapour  chest  from*  soot,  the  kettle 

may  be  placed  over  a  common  fire.    The  orifices  not 

in  use  are  closed  with  tin  lids.    In  drying  precipitates, 

the  tube  of  a  glass  funnel  may  be  corked,  and  placed 

with  its  filtre,  directly  into  the  proper  sized  opening. 

■■I  «WIII  I  I  llll  Jill  111  II  II  ■■.^^■^■1  ■  1      I         I     »■      ■  !■  I        . 

*  An  account  of  this  apparatus,  with  an  illustrative  plate,  may 
be  found  in  Mr.  Thomson's  London  Dispensatory.  A  gallon  of 
water  in  the  form  of  steam  will  be  adequate  to  heat  18  gallons  of 
water  to  100'. 
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For  drying  red  cabbage, 
===^  Violet  petalsy.&c,  a  tin  tray 
^  is  provided,  which  fits  close 
to  the  top  of  the  bbx,.  widiin 
the  rim  which  goes  about  it. 
The  round  orifices  afe  left 
open  when  this  tray  is  ap- 
plied* Such  a  form  of  ap- 
paratus is  well  calculated  to 
inspissate  the  pasty  mass 
from  which  lozenges  and 
troches  are  to  be  made* 

361.  The  heating  of  apartments  is  another  valuable 
application  of  steam.  Safety,  cleanliness,  and  comfort, 
are  combined  in  this  mode  of  giving  genial  warmth  for 
eveiy  purpose  of  private  accommodation,  or  public 
'manufacture.  It  has  been  ascertained  that  one  squai^e 
foot  of  surface  of  steam  pipe,  is  adequate  to  the  warm« 
ing  of  two  hundred  cubic  feet  of  space. 

363.  Chambers  filled  with  steam,  heated  to  about 
125°  Fah.  have  been  introduced  with  advantage  into 
medicine,  under  the  name  of  Vapour  Baths.  Dry  air 
has  been  also  used  for  this  purpose,  and  the  latter  can 
be  tolerated  at  a  much  greater  heat  than  moist  ait* 
Dr.  Ure  observes  that  a  large  cradle,  containing  saW* 
dust  heated  by  steam,  should  be  kept  in  readiness  at 
the  houses  erected  by  the  Humane  Society  for  the  re« 
covery  of  drowned  persons ;  or  a  steam  chamber  might 
be  attached  to  them,  for  this,  as  well  as  other  medical 
purposes. 


014  Heai  produced  by  Omhustion* 


D«    By  Combustion. 

968.  Ab  this  as  aot  only  the  most  powerful,  bat  the 
jnost  certaaR  and  manageable  source  of  heat,  for  che- 
mical and  pharmaceutical  purposes,  it  is  necessary  for 
-the  student  to  become  acquainted  vith  the  means  of 
employing  it  in  the  most  ^economical  and  efficient  man- 
ner. Although  the  nature  of  combustion  has  not,  for 
obvious  reasons,  been  yet  considered,  we  may  neverthe* 
less  entertain  the  subject  of  its  practical  application  in 
this  place,  without  any  reference  to  its  theory. 

364.  '  The  fluid  combudtibles,  such  as  Alcohol,  Oil, 
and  melted  Tallow,  are  burnt,  for  this  purpose,  in  lamps 
of  various  construction.  Wood,  turf,  coal,  charcoa), 
and  coke,  are  consumed  in  grates  and  furnaces*  The 
/sub|e!Ct  therefore  naturally  resolves  itself  i^to  two  divi- 
,8ions,  the  pne  comprehending  the  choice,  management 

and  application  of  Lamps  ;  the  other,  thfs  constructio|i 
and  regulation  of  Furnaces. 

365.  All  the  necessary  manipulations  of  Chemistry, 
as  far  as  they  relate  to  instruction,  may  be  conveniently 
and  satisfactorily  pejrformed  by  means  of  a  lamp.  The 
one  most  simple  in  its  construction  consists  of  a  vessel, 

.  of  almost  any  shape,  containing  oil  or  alcohol,  with  a 
tube  projecting  a  little  above  the  surface  of  thp  liquid, 
imd  containing  any  fibrous  substance  capable  of  raisir^ 
jthe  liquid  to  the  top  of  the  tube,  by  capillary  attraction. 
/P\e  oil,  thus  raised  and  diffused  throiigh  the  fibroids 
substance,  is  so  detached  from  the  main  body  of  ^ 
liquid  as  to  admit  of  being  heated  to  a  temperature  suf- 
ficiently high  to  volatilize  it^  the  vapour  of  which  in  a 
state  of  combustion  constitutes  the  flame  of  the  lamp, 
Jts  perfection  consists  in  its  power  of  sustaining  a  com^ 
^ustion  sufficiently  intense  to  burn  every  particle  of 
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matter  as  it  is  Tolatilized,  so  that  none  shall  escape 
undecomposed.  If  the  inflammable  vapour  should  oc- 
cupy a  considerable  area,  as  must  always  occur  where 
a  solid  wick  is  employed,  it  is  evident  that  the  atmos- 
pheric %ir  cannot  combine  with  the  interior  part  of  the 
ascending  column ;  the  exterior  alone  will  enter  ifito 
combustion,  while  the  interior  must  pass  off  in  the 
state  of  smoke,  in  which  case,  besides  the  offensive 
smell  and  appearance  of  the  nnbumt  matter,  there  is 
evidently  a  great  waste  of  combustible  materials.  Va- 
rious attempts  have  been  made  to  unite  the  advantages, 
and,  at  the  same  time,  to  remedy  this  defect  of  a  thick 
wick ;  in  some  instances  a  number  of  smaller  ones  have 
been  substituted,  in  others,  it  has  been  made  flat  instead 
of  cylindrical ;  no  contrivance,  however,  is  so  effectual 
as  that  known  by  the  name  of  the  Argand  Lamp.  In 
this  lamp,  the  wick  forms  a  hollow  cylinder  pr  tube, 
which  slides  over  another  tube  composed  of  metal^  so 
as  to  form  an  adjustment  with  regard  to  its  length. 
When  it  is  lighted,  the  flame  itself  has  the  figure  of  a 
thin  tube,  to  die  inner  as  well  as  outer  surface  of  which, 
the  air  has  access  from  below ;  and  a  cylindrical  shade 
of  glass  serves  to  keep  the  flame  steady,  and  in  a  cer^ 
tun  degree  to  accelerate  the  current  of  air.  The  comi- 
bustion  of  the  Argand  lamp,  therefore,  may  be  said  to 
bear  the  same  analogy  to  that  of  the  candle  or  common 
oil  lamp,  as  the  fire  in  a  furnace,  to  one  l^ndled  on  the 
ground. 

366.  To  the  Chemist  who  requires  a  steady  andl 
manageable  heat,  without  smoke,  this  lamp  is  highly 
serviceable,  and  if  a  copper  chimney  be  substituted  for 
ihe  glass  shade,  we  shall  obtain  greater  heat,  while  H 
will  enable  us  to  introduce,  through  holes  perforated 
in  its  sides,  tubes,  and  other  bodies,  into  the  centre  of 
fhe  (lame  itself.    By  afli^ing  such  a  lamp  to  an  upright 
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pillar,  to  whick  moveable  rings  of  TariQus  dimension^ 
are  adapted,  we  shall  be  enabled  to  raise  or  lower  it 
«t  pleasure,  and  to  adjust  retorts,  flasks^  evaporating 
basins,  &c.  at  any  distance  from  the  flame  which  the 
operation  may  require.  The  cut  introduced  under 
the  head  of  Nitric  acid  will  serve  to  explain  more 
clearly  the  utility  of  such  an  apparatus. 

367.  For  experiments  in  the  small  way,,  ^irit  of 
wine  is  upon  the  whole  the  neatest  and  most  convey 
nient  fuel,  and  hence  the  spirit  lamp  may  be  employed 
for  most  operations  of  analysis  as  a  very  convenient 

furnace.  The  annexed  cut  re- 
presents  the  more  ordinary  form 
of  this  apparatus;  should  this^ 
however,  not  be  at  hand,  th^ 
student  may  easily  provide  him- 
self with  a  convenient  substitute 
by  the  following  process,  as  rer 
commended  by  Mr.  R.  Phillips. 
I«et  a  piece  of  tin  plate,  aboift 
an  inch  in  length,  be  coiled  nip 
into  a  cylinder  of  about  S^Sths 
of  an  inch  in  diwoieter,  and  if 
the  edges  be  well  hammered,  i^ 
is. not  necessary  to  use  solder. 
Perforate  a  cork  previously  fitted 
to  a  phial,  and  put  a  cotton  wic^ 
through  the  short  tin  tube,  and 
the  tube  through  the  cork ;  the 
lamp  is  then  complete,  and  will 
afford  a  strong  flame,  taking  care 
of  course  not  to  prevent  the  rise  of  the  spirit  by  fitting 
the  cork  too  closely. 


The  BUm^ipe. 
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366.    In  order  to  increase  the  heat  of  it  daadle  or 
lamp^  a  stream  of  air  is  driven  through  a  tube  called 
the  BhwrpipCi!'^    In  it&  moist  simile  form  it  consifitSv 
merely  of  a  brass  pipe  about  one^ighlh  of  an  inch  in 
diameter  at  on^  end,  and  the  other  tapering  to  a  much 
less  aae,  with  a  very  small  perfcnration  for  the  wind  ta 
escape*    The  smaller  end  is  hettt  m  <Mie  side.    For 
philosophical,  or  nic^  purposes,  the  bk>w*pq)e  is  pro- 
vided with  a  bowl  or  enlargement  <as  represented  in. 
>  the  annexed  figure  <i)y  in  which  the  vapoum 
of  the  breath  are  condensed  and  detained^ 
and  also  with  three  or  four  small  nozzles  &, 
with  difierent  apertures  to  be  slipped  on 
the  smaller  extsemitjr.   There  is  an  address 
in  the  blowing  through  this  pipe,  which  it 
is  perhaps  impossible  to  describe  by  words  \ 
a  little  practice,  however,  will  soon  render 
the  operation  easy.    A  continued  stream 
of  air  is  -absolntdy  essential,  and  to  priH 
duce  this,  without  iatigue  to  the  lungs,  an 
equable  and  uninterrupted  inspiration  must 
be  maintained  by  inhaling  air  through  the 
nostrils,  while  that  in  the  month  is  forced 
through  the  tube  by  the  compression  of  the 
cheeks.    After  habit  has  rendered  the  (^ration  fami^ 
liar,  a  current  may  be  kept  up  for  ten  or  fifteen  minutes^ 
without  inconvenience.    A  large  wax  or  tallow  candle 
supplies  the  best  flame,  and  it  should  be  snufied  rather 
short,  and  its  wick  turned  on  one  side  towards  the  o}> 

<l  ip"l  Willi  ■■  BI^IW     1.^^—^    i»l>l«  ■  IB  ■  I  iMp^Mia  ■■■ 

*.  It  is  not  known  at  what  time,  or  by  whom,  this  very  useful 
instnunent  was  invented,  but  it  appears  to  have  been  used  by 
glass-workers,  enamellcrs,  and  jewellers,  long  before  it  was 
adopted  as  an  article  of  chemical  ap|iaratns.  The  first  intimation 
•of  lis  value  to  the  Chemist  is  to  be  found  in  Kunkel's  treatise  on 
glass- making. 
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jfect)  so  that  a  part  of  it  may  lie  horizontally.  The 
stream  of  air  must  be  blown  along  this  horizontal  part, 
as  near  as  may  be  without  striking  the  wick.  In  thia 
way  the  flame  will  be  made  to  exhibit  two  distinct 
figures  I  that  which  is  internal  being  conical,  blue,  and 
well  defined,  at  the  end  of  which  the  moat  violent  de- 
gree of  heat  is  excited ;  the  external  flame  is  red,  vague, 
and  undetermined,  and  of  very  inferior  temperature  to 
the  former.  The  body  intended  to  be  acted  upon  by 
the  blow-pipe  ought  not  to  exceed  the  size  of  a  pepper- 
corn. It  may  be  laid  upon  a  piece  of  close-grained, 
well-burned  charcoal ;  unless  it  be  of  such  a  nature  as 
to  «ink  into  the  pores  of  this  substance^  or  to  have  its 
properties  afiected  by  its  inflammable  quality;  such 
bodies  may  be  placed  in  a  small  spoon  made  of  pure 
gold,  or  silver ;  or  on  platinum  foil. 

S69.  Many  advantages  may  be  derived  firom  the 
oae  of  this  simple  and  valuable  instrument.  Its  small- 
nes^  which  renders  it  suitable  to  the  pocket,  is  no 
inconsiderable  recommendation.  The  most  expensive 
materials,  and  the  minutest  specimens  of  bodies  may 
be.  used  in  these  experiments  (  and  the  whole  process^ 
instead  of  being  carried  on  in  an  opaque  vessel,  is  under 
the  eye  of  the  observer  from  beginning  to  end.  It  is 
•true  that  very  little  can  be  determined  in  this  way 
concerning  the  quantities  of  product ;  but  the  first  in^ 
quiry  to  be  made  is  what  a  substance  contains,  not  how 
muchy  and  th^se  tfials  in  small,  suggest  the  proper 
method  of  instijtating  experiments  at  laige. 

370.  To  supersede  the  labour  and  difficulty  of 
urging  the  blow-pipe  by  means  of  the  breath,  various 
ingenious  contrivances  have  been  suggested.  For  this 
purpose,  M .  Paul,  and  Professor  Pictet  of  Geneva,  first 
employed  the  vapour  of  alcohol ;  and  an  instrument 
constructed  by  Mr.  Hooke,  will  afford  the  ipost  conve? 
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nient  mode  of  applying  this  principle.  In  some  cases^ 
tlouble  bellows  have  been  made  to  communicate  with 
the  blow-pipe ;  such  an  apparatus  will  be  found  ex* 
tremely  effective  for  Mowing  glass.  Where  we  wish  to 
urge  the  flame  by  means  of  oxygen  gas,  instead  of  at- 
mospheric air,  or  to  produce  heat  by  the  combustion 
of  a  mixture  of  hydrogen  and  oxygen  gases,  *  gas^ 
holders,  and  the  various  instruments  employed  for  the 
management  of  gases,  will  afford  adequate  means. 

371.  The  great  heat  produced  by  the  common  blow- 
pipe would  seem  to  depend  upon  two  causes,  viz.  to  the 
concentration  of  the  flame  into  a  small  focus,  and  to 
the  more  rapid  combustion  excited  by  the  current  of 
air. 

379.  The  medical  student  will  have  but  little  occa- 
sion to  trouble  himself  with  the  construction  of  fur- 
'  naces ;  all  his  ordinary  manipulations  may  be  accom- 
plished by  the  skilful  application  of  a  lamp,  aided  oc- 
casionally by  the  blow-pipe;  but  it  is  necessary  that 
he  should  become  acquainted  with  the  general  prin- 
ciples of  their  construction,  especially,  if  he  descends 
into  the  details  of  Pharmaceutic  Chemistry,  and  for 
these  reasons  the  following  observations  are  introduced 
to  his  notice. 

373.  The  essential  parts  of  a  furnace  are  the  body^ 
or  fire  place,  in  which  the  fuel,  and  the  substance  to  be 
operated  on,  are  placed ;  the  chimney  by  which  the  smoke 
and  heated  air  are  carried  off ;  and  the  ash-pii^  into 
which  the  ashes  fidl,  and  through  which  air  is  admitted 
to  the  burning  fuel.  The  principles  on  which  the  pro- 
duction of  heat  in  furnaces  depends,  are,  that  inflam- 

*  The  Blow-pipe  invented  by  Mr.  Brooke  is  far  superior  to 
Miy  other  contrivance  for  this  purpose,  a  description  and  figure 
pf  wjiich  may  be  found  in  UtnryU  Chcmulry, 
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jnable  matter  canAot  bum  without  the  access  of  aii^ 
and  that  the  rapidity  of  the  combustion,  and  conse^ 
quently  the  quantity  of  heat  produced  in  a  giyeyi  time^ 
are  proportioned  to  the  quantity  of  air  transmitted  over 
the  burning  matter.  When  fuel  is  placed  in  a  closed 
cavity^  like  that  of  a  furnace,  connected  with  a  chim'- 
ney,  as  soon  as  it  is  kindled,  the  air  in  the  upper  part  .of 
the  furnace  is  necessarily  rarefied,  and  ascends  by  th^ 
chimney ;  the  pressure  of  the  external  aanoq>here  fiicce^ 
a  quantity  of  fresh  air  through  the  openings  .below, 
which,  rising  through  the  fuel,  occasions  a  strong  conv- 
bustion.  In  furnaces,  therefore,  .the  strength  <^  the 
combustion  depends  on  two  circumstances ;  on  the 
access  of  the  atmospheric  air  from  below,  and  on.  the 
height  of  the  column  of  heated  air.  When  the  tube  or 
chimney  is  lengthened,  the  difference  between  the  spe- 
cific gravity  of  the  column  of  heated  air  which  it  con- 
tains, and  of  the  column  of  external  air  being  greater, 
a  larger  quantity  of  firesh  air  is  constantly  fi:>ix:ed 
through  the  fuel,  and  a  strong  draught,  as  it  is  termed, 
is  fonned*  This  is  proportional  to  the  height  of  the 
yent,  to  a  certain  extent ;  for  beyond  a  certain  point, 
the  air  in  the  Tent  being  cooled,  no  addition  to  thie 
draught  is  gained.  What  may  be  the  limits  for  tl^e 
height  of  a  chimney  has  not  been  ascertained  from  imy 
precise  trials,  but  Dr.  Ure  thinks  that  thirty  times  its 
diameter  would  not  be  too  high*  It  is  also  obvious, 
that  the  draught  of  air  may  be  diminished  or  increased 
by  lessening  or  enlarging  the  access  of  air  from  below ; 
and  by  closing  up  that  access,  the  combustion  will  be 
totally  stopt.  Registers  consisting  either  of  a  number 
of  holes  fitted  with  brass  plugs,  or,  what  is  more  con- 
venient, of  a  moveable  semicircular  plate,  are  employed 
to  regulate  the  admission  of  air.  in  the  construction 
of  furnaees  there  is  also  another  important  object  to  foe 
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altained,  the  confining  the  heat,  or  preventing  it  front 
being  carried  off  by  the  surrounding  air.  This  is  ac- 
complished by  coating  the  internal  surface  with  some 
substance'  which  transmits  the  heat  very  slowly ;  a  lute 
of  clay  and  sand  is  commonly  used  for  this  purpose, 
which  farther  serves  the  important  purpose  of  defend- 
ing the  substance,  of  which  the  furnace  is  made,  from 
the  action  of  the  fire.  Furnaces  may  be  formed  either 
of  splid  htick  work,  or  of  such  materials  as  admit  of 
their  removal  from  place  to  place*  The  following  are 
tho^  of  most  general  utility. 

374.  The  Air^  or  Wind  Furnace^  which  acts  by  the 
dfaught  of  the  chimney,  as  above  described ;  and  in 
vriiich  the  body  submitted  to  the  action  of  heat,  or  the 
vessel  containing  it,  is  placed  in  contact  with  the  bum-* 
uig  fuel. 

375.  The  Blast  Furnace  difiers  from  the  preceding 
in  having  the  air  forced  through  the  fuel  by  means  of 
bellows,  instead  of  entering  by  the  mere  draught  of  the 
chimney. 

376.  The  Reverberatory  Furnace.  In  which  the 
fuel  is  contained  in  an  anterior  fire  place;  and  the  sub- 
stance, to  be  submitted  to  the  action  of  heat,  is  placed 
on  the  floor  of  another  chamber,  situated  between  the 
front  one  and  the  chimney.  The  flame  of  the  fuel 
passes  into  the  second  compartment,  and  is  reverberated 
upon  the  substance  by  the  form  of  its  roof. 

377.  A  portable  furnace,  however,  is  amply  sufii- 
cient  for  all  the  purposes  of  the  student,  and  should  he 
conduct  his  experiments  on  a  scale  that  may  require 
more  heat  than  the  lamp  will  afford,  I  should  recom- 
mend the  small,  but  powerfril  frimace  invented  and 
sold  by  Mr.  Knight,  of  which  he  is  here  presented  with 
a  sketch.  .     . 


.  Mr.  Kttighi^s  Furnace^ 


This  fiiraace  is  made  df  Wh>tfghC' 
iron  and  lined  with  fine  brick ;  the 
inside  diameter  being  six  inches; 
o  is  a  door  for  the  passage  pf  the 
neck  of  a  retort,  when  distillation  is 
performing  in  the  open  fire;  i  is  an 
aperture  to  which  there  is  a  corres- 
ponding  one  on  the  oi^Kwite  side 
for  the  admission  of  a  tube  to  pass 
through  the  furnace;  c,  the  ash- 
pit door,  acting  as  a  raster;  dy* 
the  door  of  the  fire  place  .when 
used  as  a  sand  heat.  For  this  fiir« 
nace  the  proper  fuel,  when  it  is 
used  as  a  wind  furnace,  is  wood  charcoal,  either  alone, 
or  with  the  admixture  of  a  small  proportion  of  coak« 
For  distillation  with  a  sand  heat,  charcoal,  with  a  little 
pitcbal,  may  be  employed* 

378.  The  Heat  communicated  from  bodies  in  com* 
bustion  must  necessarily  vary  according  to  circum- 
stances ;  whenever,  therefore,  an  equable,  rather  than 
a  high  temperature  is  required,  it  will  be  expedient 
to  interpose  a  quantity  of  sand,  or  other  matter,  be* 
tween  the  fire  and  the  vessel  intended  to  be  heated^ 
The  sand  bath^  and  the.  water  bath  *  are  most  com* 
monly  used  for  such  a  purpose;  it  has  been  already 
stated  that  a  bath  of  steam  may  in  some  instances  be 
found  preferable  (360).  A  considerably  greater  heat 
may  be  given  to  the  water  bath  by  dissolving  various 
salts  in  it;  thus  a  saturated  solution  of  common  salt 
boils  at  S25®  3  Fah ;  by  using  a  solution  of  muriate  of 
lime,  a  bath  of  any  temperatiure  from  812°  to  SSS""  may 
.be  conveniently  obtained. 

*  The  water  bath  was  called  Balneum  Marue  by  the  older 
chemists. 
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E*  By  Chemical  Action, 

379.  This  source  of  heat,  is  scarcely  applicable  to 
any  practical  purpose,  except  by  furnishing  a  ready 
method  of  kindling  fire ;  thus  if  matches  impregnated 
with  sugar  and  chlorate  of  potass,  be  dipped  into  sul- 
phuric acid,  they  burst  into  flame.  A  lamp  has  been 
lately  presented  to  the  public  for  procuring  fire,  or  an 
instantaneous  light,  which  owes  its  operation  to  the 
singular  action  of  Hydrogen  upon  a  particular  pre- 
paration of  Platinum. 

P,    By  the  Sun^s  Rays. 

360.  The  rays  of  the  sun  are  applied  for  the  drying 
of  many  vegetable  substances,  as  well  as  for  pro  .noting^ 
spontaneous  evaporation.  By  means  of  a  double  con- 
vex lens,  a  concave  mirror,  or  by  a  combination  of 
[didn  mirrors,  intense  heat  may  be  obtained  from  this 
source.  There  are  difficulties,  however,  in  applying 
such  instruments  to  purposes  of  practical  utility.  A 
cloud  passing  over  the  sun,  during  the  process  might 
prove  &tal  to  our  experiments ;  and  when  the  sun  does 
shine  in  its  full  splendour,  the  motion  of  the'  earth 
would  prevent  the  focus  from  ever  being  kept  for  a 
minute  at  a  time  on  one  spot. 

G.     By  Electricity, 

381.  When  electricity  is  transmitted  in  considerable 
quantities  through  bodies,  it  raises  their  temperature ; 
and  its  heating  power  is  so  gieat,  that  it  is  able  to  melt 
«ven  those  metals  that  are  most  difficult  of  fusion. 
The  electrical  discharge,  therefore,  affords  a  powerfi  1 
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mean  of  promoting  chemical  combination.  The  electric 
spark  is  also  effectual  in  producing  the  combination  of 
several  of  the  gases,  which,  when  merely  mixed  to- 
gether, do  not  unite.  It  is  equally  capable,  in  many 
cases,  of  effecting  decomposition,  apparently  from  its 
power  of  exciting  a  high  temperature  in  the  point  at 
which  it  is  received. 


LIGHT. 

A 

S82.  Light  is  usually  regarded  as  a  substance,  or 
emanation  of  particles  of  inconceivable  «upity,  projected 
in  right  lines  from  the  sun,  and  from  all  luminous 
bodies,  and  moving  with  extreme  velocity.*  The 
optical  affections  of  light  are  foreign  to  this  work,  its 
chemical  relations  are  to  be  alone  considered. 

d8S.  When  a  ray  of  light  passes  obliqij^ely  from  one 
medium  into  another  of  greater  density,  it  is  bent  to^ 
wards  the  perpendicular ;  but  if  the  second  medium 
be  of  less  density,  it  is  bent  Jrom  the  perpendicular* 
The  light  in  both  cases  is  said  to  be  Refracted.  It 
was  however,  discovered  by  Newton,  that  unctuous 
or  inflammable  bodies  occasioned  a  greater  deviation 
in  the  luminous  rays  than  was  consistent  with  their 
known  density,  whence  he  was  led  to  the  inference 
that  both  the  diamond  and  water  contained  combus- 
tible matter.  We  perceive  therefore  that  from  the  re- 
fractive power  of  bodies  we  may  in  many  cases  infer 
their  chemical  constitution ;  and  the  principle  has  been 
happily  applied  for  discovering  the  purity  of  essentia^ 
oil».     For  these  researches  an  instrument  invented  by 


f  Its  velocity  ts  estimated  at  S00,000  miles  in4i  seconiL 
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Dr/ WoUaaton  ^  may  becoiiTeiiiently  employed.  I 
hsLre  inserted  in  the  Appekidix  a  table  of  the  refractive 
powers  of  different  substanceB  employed  in  medicine. 

384.  Light  is  separable  by  a  prism  into  seven  pri- 
mary rays  or  colours,  as  well  as  into  others,  which  ap« 
pear  to  be  distinguished  by  certain  chemical  powers ; 
but  it  is  not  necessary,  on  this  occasion,  to  inquire  to 
what  part  of  the  prismatic  spectrum  the  heating,  illu- 
minating, and  chemical  properties  belong*    As  Phy- 
siologists and  Chemists  we  have  to  consider  the  nature 
of  light  in  its  common  character,  the  effects  of  which 
upon  natural  bodies  we  shall  find  to  be  very  pom- 
pounded.    Healthy  vegetation  depends  upon  the  pre- 
sence of  the  solar  beams,  or  of  light ;  and  whilst  the 
heat  gives  fluidity  and  mobility  to  the  vegetable  juices, 
chemical  effects  are  likewise  occasioned,  oxygen  is  se- 
parated from  them,  and  inflammable  compounds  are 
'  formed.    Plants  dq>rived  of  light  become  white,  and 
are  said  to  be  etiolated^  as  shewn  in  the  common  pro- 
cess of  blanching  celery ;  they  acquire  at  the  same 
time  an  excess  of  saccharine  and  aqueous  particles. 
The  Indian  finds  his  way  through  the  uncultivated 
forests  of  America,  with  no  other  guide   than  that 
of  the  colour  produced  by  the  light  of  the  sun  on 
the  sides  of  those  trees  which  are  more  directly  ex- 
posed to  its  action.  Flowers  owe  the  Variety  of  their 
hues  to  the  same  cause ;  and  even  animals  require  the 

*  Dr.  WoUaston  has  invented  a  very  ingenious  apparatus,  in 
which,  by  means  of  a  rectanguhur  prism  of  flint  glass,  the  index  of 
rtfraction  of  each  substance  is  read  off  at  once  by  a  vernier,  the 
three  sides  of  a  moveable  triangle  performing  the  operations  of 
reduction  in  a  very  compendious  manner.  (At/.  TVaiM.  180S,  or 
Nickol99n^9  JwrfuU^  Svo.  Vol.  IV.  p.  8S.)  This  instrument  is 
capable  of  some  practical  applications  highly  interesting  to  the 
chemist. 
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rays,  of  the  sun,  and  their  colours  seem  materiidly  to 
depend  upon  their  chemical  influence:  acomparisott 
between  the  polar  and  tropical  animals,  and  between 
the  parts  of  their  bodies  exposed,  and  not  exposed  to 
light,  demonstrates  the  truth  of  this  statement.  The 
plumage  of  birds  affords,  perhaps,  the  most  striking 
illustration;  those,  for  instance,  which  are  natives  of 
'  the  torrid  zone  are  generally  rich  and  gaudy,  while 
those  in  the  frigid  zone  are  principally  whiter.  The 
colour  of  fish  is  also  materially  affected  by  the  agency 
of  light,  for  we  inyariably  find  that  the  backs,  or  upp^ 
parts,  which  are  exposed  to  the  direct  influence  of 
light,  are  dark  when  compared  with  the  under  parts, 
which  are  excluded  firom  it.  Nor  is  man  himself  in- 
sensible to  the  same  action,  hence  the  pale,  sallow,  and 
sickly  appearance  of  those  persons  who  are  excluded 
from  the  "  light  of  heaven." 

S85.  The  e£fects  of  light  upon  inorganic  bodies  have  * 
been  casually  adverted  to  under  the  consideration  of 
crystallization  (815).  Its  influence  in  de-oxidizing 
bodies  will  be  illustrated  hereafter.  In  this  place  it 
may  be  sufficient  to  adduce  a  single  example  which 
will  be  afforded  by  the  following  interesting  experi- 
ment. 

Exp,  50. — ^Prepare  a  solution  of  Nitrate  of  Silver, 
in  the  proportion  of  one  part  of  the  nitrate  to  ten 
of  water ;  with  this  solution  let  a  piece  of  white 
paper  or  leather  be  soaked,  and  placed  behind  a 
painting  on  glass,  and  be  then  exposed  to  the 
action  of  the  sun;  the  rays  of  light  transmitted 
through  the  differently  painted  surfaces  will  pro- 
duce tints  of  brown  or  black,  sensibly  differing  in 
intensity,  according  to  the  shades  of  the  picture ; 
and  where  the  light  is  unaltered,  the  colour  of  the 
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nitrate  becomes  deeper,  or  approaches  more  nearly 
to  the  metallic  state.* 

386.  Light  appears  to  enter  into  combination  with 
various  bodies,  and  to  be  again  separated  from  them, 
and  some  philosophers  have  supposed  that  the  light 
produced  by  combustion  is  to  be  thus  explained. 

387.  Certain  bodies,  termed  Solar  Phosphori^\  have 
undoubtedly  the  property  of  aborbing  light,  and  of 
retaining  it  for  some  time ;  and  of  again  evolving  it 
unchanged,  and  unaccompanied  by  sensible  heat;  such 
are  certain  marine  animals,  both  in  a  living  and  dead 
state,  and  peculiar  preparations  formed  by  art. 

*^— " 1 ^ :— : ; \ 

*  Six  H,  Davy  found  that  the  images  of  small  objects,  pro- 
duced by  means  of  the*  solar  microscope,  may  be  copied  without 
difficulty  on  paper  thus  prepared.  In  this  experiment,  however, 
it  will  be  necessary  to  place  1;he  paper  at  a  small  distance  from 
the  lens. 

f  Mr.  Skrimshire  has  given  an  extensive  catalogue  of  such 
rabstances  in  Nicholson^s  Journal,  9vo.  vols.  15, 16,  and  19. 
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ELECTRICITY, 
AND  ITS  CHEMICAL  AGENCIES. 


388.  The  earth,  and  all  bodies  with  which  we  are 
acquainted,  are  supposed  to  contain  a  certain  quantity 
of  an  exceedingly  subtle  fluid,  which'  is  called  the 
Electric  Jluid.  This  certain  quantity,  belonging  to  all 
bodies,  may  be  called  their  natural  share ;  and  as  long 
as  each  body  contains  neither  more  nor  less  than  that 
quantity,  it  seems  to  lie  dormant,  and  to  produce  no 
efiect ;  but  when  any  body  becomes  possessed  of  more, 
or  less  than  its  natural  quantity,  it  is  said  to  be  eleC" 
trified;  and  is  capable  of  exhibiting  appearances  which 
are  ascribed  to  Electricity.  In  the  former  case  the 
phfenomena  depiend  upon  the  body  yielding  its  excess; 
in  the  latter,  to  the  surrounding  bodies  transferring  to 
it  a  portion  of  theirs,  to  supply  the  deficiency ;  for  the 
electric,  like  the  calorific  fluid,  tends  to  a  uniyersal 
equilibrium.  This  equilibrium,  however,  could  never 
be  disturbed,  or,  if  it  were  disturbed,  would  be  imme- 
diately restored,  and  therefore  be  insensible  were  it 
not  for  the  fact  that  some  bodies  admit  the  passage  of 
the  electric  fluid  through  their  pores,  whilst  others 
refuse  its  entrance ;  the  former  are  termed  Conductors^ 
the  latter  Nonconductors.  The  metals  are  all  con- 
ductors; glass,  sulphur,  and  resins  are  nonconductors. 
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Condnctors,  Bgwin^  are  divided  into  those  which  are 
per/eciy  and  those  which  are  bnperfect;  conductors 
do  not,  in  general,  become  electric  by  fiiction,  and  are. 
therefore  called  non^electries ;  non-conductors,  on  the 
contrary,  are  electrics j  as  they  acquire  electricity  by 
being  rubbed« 

389.  It  has  he&k  stated  that  some  bodies  may.conp 
tain  an  excess,  and  others,  a  deficiency  of  the  electric 
fluid,  but  that  both,  under  such  circumstances,  will 
exhibit  the  phenomena  of  Electricity ;  in  the  former 
case,  however,  it  is  said  to  he  positive;  in  the  latteir, 
negative. 

390.  When  two  bodies  differently  electrified  are 
made  to  communicate,  they  attract  each  other,  a  dis- 
charge takes  place,  and  an  equilibrium  is  restored; 
when,  however,  they  are  similarly  electrified,  they  repel 
each  other. 

'  JE^p.  51.-— -Rub  a  piece  of  sealing  wax  with  dry 
flannel^  and  bring  each  of  these  substances  in 
contact  with  two  pith  balls  suspended  by  a  line 
of  silk.  They  will  be  found  capable  of  attracting 
each  other.  This  arises  in  consequence  of  the 
wax  and  flannel  having  communicated  difierent 
states  of  electricity.  k 

Exp.  52. — ^Touch  both  of  the  pith  balls  with  the 
wax,  or  with  the  flannel,  and  they  will  be  found 
to  repel  each  other,  because  they  have  been^simi- 
lariy  electrified. 

391.  When  the  sealing  wax  is  rubbed,  it  loses  a 
portion  of  its  electricity,  which  the  flannel  gains;  the 
former  is  therefore  negative^  the  latter  positive^ 

308.  When  the  natural  electricity  of  a  body  is  thus 
changed,  if  it  be  surrounded  by  bodies  that  are  non* 
conductors,  it  must  remain  in  that  state,  for  it  is  evi<« 
dent  that  in  such  a  condition,  it  can  neither  receive 
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electricity  from  Burrounding  substances,  nor  impiirtit 
to  them,  in  order  to  regain  an  equilibrium.    A  body 
so  circumstanced  is  said  to  be  insulated. 

993.  A  knowledge  of  these  simple  propositions  wilt 
enable  the  student  to  comprehend  the  nature  of  the 
common  electrical  machine,  an  account  and  engraving 
c^  which  may  be  found  in  Mr*  Brande's  excellent 
^^  Mimual  of  Chemistry J^*  .When  friction  is  applied^ 
to  the  glass  cylinder  of  this  apparatus,  that  part  of  the 
glass,  which  is  in  contact  with  the  rubber,  attracts  the 
electric  fluid  from  it,  as  well  as  from  eveiry  conductiBg> 
body  which  may  happen  to  be  connected  with.it«  The- 
glass,  instantly  regaining  its  natural  stale,  repels  the 
electric  fluid,  which  is  received  by  the  prime  conductor 
placed  for  that  puipose.  All  then  that  is  effected  by  this 
machine,  is  a  disturbaoce  of  the  natural  quantity  of 
electricity  in  bodies,  or  a  transfer  of  it  from  some  to 
others ;  in  consequence  of  which,  while  the  latter  ac? 
quire  a  redundance,  the  former  become  proportionally 
deficient  in  their  quantity  of  electricity. 

;  394.  The  electrical  equilibrium  of  bodies  is  dis? 
turbed  by  many  other  operations  than  that  of  friction. 
Whenever  bodies  change  their  form,  their  electrical 
states  are  also  changed.  Fusion,  evaporation,  and 
change  of  temperature,  are  also  attended  with  electrical 
*  phffiinomena. 

-S9d.  It  appears,  therefore,  that  for  the  excitation  of 
ordinary  electricity,  substances  called  Electrics  (S88) 
are  requii^-;  by  the  friction  of  which  the  electric  fluid 
is  accumulated,  and  from  which  it  may  be  collected  by 
a  difiereiit  class  of  bodies  termed  non^electricsy  or  can-^ 
ductors.  The  student  is  now  to  be  introduced  to  a 
species  of  Electricity,  which  is  excited  by  very  diflferent 
means,  and  which  is  termed,  in  honour  to  its  discoverer 
Gkdvani,  Bfk  Italian  Philosopher,  Galvanism,  or  Gal- 
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TANic  Electricity.  Unlike  ordinary  electricity,  it 
does  not  require  for  its  excitement  any  electric ;  the 
rimple  contact  oidiffereni  conducting  bodies  with  each 
other  is  sufficient* 

396.  The  most  simple  arrangement  which  can  be 
formed  for  exciting  this  elt^tricity,  is  that  termed  a 
Simple  Galvanic  Cibcle.  It  consists  of  three  con- 
ductors, two  of  which  may  be  perfect,  and  the  other 
imperfect ;  or  two  imperfect y  and  one  perfect. 

«  •  ■ 

Exp.  53. — ^Place  a  piece  of  zinc  upon  the  tongue, 
and  a  piece  of  silver  under  it,  no  sensation  is  ex- 
cited so  long  as  the  metals  are  kept  apart;  but,  on 
bringing  them  into  contact,  a  metallic  taste  is  dis- 
tinctly perceived,  and  if  a  connection  be  made 
w'ith  these  metals  and  the  globe  of  the  eye,  by 
means  of  a  metallic  wire  or  rod,  a  flash  of  light 
will  be  perceived  at  the  same  instant. 

397.  In  the  above  experiment  we  have  an  example 
4>f  the  arrangement  of  two  perfect  conductors  (silv^ 
.and  %mc)  with  one  imperfect  one  {the  saliva).  The 
metallic  taste  is  the  efiect  of  a  small  quantity  of  elec- 
tricity thus  excitec^  and  its  action  on  the  nerves  of  the 
tongue. 

Exp.  54. — ^Take  the  lower  extremities  of  a  recently 
killed  frog,  and  arm  the  crural  nerve  with  a  pie<ie 
of  zinc,  or  tin  foil;  at  the  same  time  bring  the 
muscular  parts  of  the  animal  in  contact  with  a 
piece  of  silver.  As  soon  as  the  two  metals  are 
made  to  touch  each  other,  or  a  communication  is 
established  between  them  by  means  of  a  metallic 
conductor,  violent  convulsions  are  produced. 
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998.  Upon  the  discovery  of  this  singular  fact,  Phy- 
siologists hastily  adopted  the  opinion  that  the  source 
of  nervous  influence.was  electricity^  and  the  most  san- 
guine expectations  were  entertained,  that  the  nature 
and  operation  of  this  mysterious  power  would  be  at 
length  developed  by  this  new  train  of  research.  It  is 
a  curious  fact  in  the  history  of  science,  that  an  experi- 
ment so  full  of  promise  to  the  physiologist  should  have 
hitherto  afforded  him  little  or  no  assistance,  while  the 
chemist,  to  whom  it  ajyeaied  to  oSec  no  point  of  in- 
terestj  has  derived  from  it  a  new  and  important  instru- 
ment of  research,  which  has  already  multiplied  dis- 
coveries with  such  rapidity,  and  to  such  an  extent, 
that  it  is  impossible  to  anticipate  the  limits  of  its 
power. 

399.  The  aj^lications,  however,  of  Gralvanic  electri- 
city to  physiology,  must  not  be  abandoned  as  chimeri- 
cal. The  late  researches  of  Dr.  W.  Philip,  and  other 
English  physiologists,  are  well  calculated  to  revive  our 
confidenpe,  and  tp  stimulate  us  to  farther  inquiry; 
from  the  experiment  pf  this  respectable  physician  it 
would  appear  that  whei>  a  nerve  is  divided,  so  as  en- 
tirely to  intercept  the  transmission  of  its  action,  the 
place  of  the  nerve  may  be  supplied  by  a  galvanic  ap- 
paratus. He  divided  the  eighth  pair  qf  nerves,  which 
are  distributed  tp  the  stomach,  and  are  subservient  to 
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•digestion,  hj  incisions  in  the  necks  of  several  living 
•rabbits.  After  the  operation,  the  parsley  which  they 
ate  remained  Mdthout  alteration  in  their  stomachs ;  and 
the  animals,  after  evincing  much  difficulty  of  breath* 
ing^  seemed  to  die  of  suffi>cation.  But  vrhen,  in  other 
rabbity  similarly  treated,  the  galvanic  pow^  was  trans^ 
mitted  along  the  nerve  below  its  section,  to  a  disc  of 
eilver,  placed  closely  in  contact  with  the  skin  of  the 
animal  o[^)osite  to  its  stomach,  no  difficulty  of  breath* 
ing  occurred.  The  electrical  action  having  been  kept 
up  for  twenty-six  hours,  the  animals  were  killed,  and 
the  parsley  was  found  in  as  perfectly  digested  a  state, 
as  that  in  healthy  rabbits  fed  at  the  same  time;  and 
their  stomachs  evolved  the  smell  peculiar  to  that  of  a 
rabbit  during  digestion.  These  experiments  were  se* 
vend  times  repeated  with  similar  results.  Hence  it 
would  appear  that  the  galvanic  energy  is  capable  of 
supplying  the  place  of  the  nervous  influence,  so.  that, 
while  under  it,  the  stomach,  otherwise  inactive,  digests 
food  as  usual.  These  experiments  are  very  striking, 
but  they  cannot  be  admitted  as  affi>rding  conclusive 
evidence  of  the  identity  of  galvanic  electricity  and 
nervous  influence.  The  dectricity  may  merely  act  as 
a  powerful  stimulant  upon  the  twigs  which  proceed 
from  other  nerves  to  the  stomach,  and  communicate 
under  the  place  of  section  of  the  par  vagumy  by  which 
tjiey  may  be  made  to  perform  such  an  increase  of  ac- 
tion, as  may  compensate  for  the  want  of  the  principal 
nerve.  The  respiration  is  also  materially  connected 
Ifith  the  digestive  process,  and  the  increased  action 
thus  communicated  to  the  respiratory  organs  may  otkr 
another  mode  of  explanation. 

400.  The  powers  of  a  simple  galvanic  circle  are, 
however,  extremely  feeble,  and  little  progress  was 
made  in  tb^  investigation  of  this  singular  modification 


834 


Simpk  Galvanic  GrcUs^* 


of  Electricity,  until  a  method  was  discovered  of  oml- 
tiplying  those  arrangements  which  compose  simple  cir* 
des.  This  was  atchieved  by  Signor  Volta,  early  in 
1800,  in  the  construction  of  a  Gdhame  Pile*  Beibre 
we  enter,  however,  upon  the  subject  of  coi^iound 
Oalvanic.  circles,  or  BatierieSy  it  may  be  necessaiy  to 
intcoduoe  some  observations  on  the  simple  circle. 
'  401 4  Sir  H.  Davy  has  presented  us  with  the.  follow* 
11^  Tables  m  which  the. difemit  simple  circles. az» 
arranged  in  the  ord»  of  their  powers,  the  most  ener^ 
gettc  occupying  the  highest  place. 


ij  ■ 


Table  of  tome  Ekctrieal  Arrangements  wkich^  bf 
•  combination,  Jbpn  Batteries,  composed  of  two  Con^ 
'  dttctorsy  and  one  imperfsct  Conductor, 


'  zinc. 
Iron. 
Tin. 
Lead. 
Goimer. 
Silver. 
Gold. 
Platiaum. 
Charcoal. 

Each  of  tliese  b 
posUive  to  all  the 
metals  below    it, 
and  negative  with 
respect     to      the 
metals  above  it  in 
theeoliuna. 

* 

Solutions  of  Nitric  acid. 

of  Muriatic  acid, 
of  Sulphuric  acid, 
of  Sal  Ammoniac 
of  Nitre. 

of  other  neutral  ' 
salts. 

: 

Table  of  some  Electrical  Arrangements  consisting  of 
one  perfect  Conductor  and  two  imperfect  CondmAon. 


Sohition  of  Sulphur  and' 

Potass, 
of  Potass, 
of  Soda. 


Copper. 

Silver. 

Xiead. 

Tin. 

Zinc; 

Other  Metals. 

Charcoal. 


Nitric  Acid* 
Sulphuric  Acid 
Muriatic  Acid. 
AnySolutioiksic 
taining  Acid 
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402.  The  Voltaic  Pile,  or  Battery,  is  coiutnicted 
by  alternately  arranging  discs  of  copper  and  zinc,  with 
pieces  of  wooUen  clotfa,  moistened  with  acid,  or  some 
solution  which  is  an  imperfect  conductor,  as  shewn  ifi 

the  annexed  figure,  in  the  order  of 
zinc,  copper,  cloth;  sine,  copper, 
cloth,  and  so  on,  for  thirty  or  more 
alternations. 

On  brining  a  wire  communica- 
ting with  th^  last  copper  disc  into 
'        contact  with  the  fint  zinc  disc,  A 
spai^  will  be  perceptible,  and  also 
a  slight  shock,  proTided  the  number 
of  alternations  be  sufficiently  nume- 
ouB.    The  two  ends  of  the  appara- 
tus are  termed  its  poles,  and  the  zinc  pole  will  be  found 
to   exhibit   positive^    the    copper    extreme    negative 
electricity. 

403.  Tbe  pile  of  Volla  is  now  very  generally  super- 
seded by  a  mor:e  convenient,  and  efficient  apparatus ; 
in  which  the  metals  are  arranged  in  the  form  of  a 
trough;  it  was  the  invention  of  Mr.  Cruicksbank,  and 
is  represented  by  the  following  cut. 

Double  plates  of  copper 
and  zinc  soldered  together, 
are  cemented  into  wooden 
troughs  in  regular  order, 
and   the  intervening  cells 
are  filled  with  some  appro* 
priate  fluid,  for  the  purpose 
of  rendering  the  combination  active.    Such  an  appa- 
ratus, it  will  be  perceived,  afibrds  an  example  of  gal- 
vanic  arrangement  of  the  first  kind,  formed  by  two 
perfect,   and    one   imperfect    conducWr.   (39ff,  401) 
but  il  admits  of  being  bo  modified  as  to  furnish  il 
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battery  of  the  tecond  kind,  vif.  with  one  perfect  and 
two  imperfect  conductors.  In  this  case  plates-  of  one 
'  metal  Oa\y  are  to  be  cemented  in  ihe.grooveB,  and  the 
celU  are  th«i  filled^  alternately,  with  two  difl^ent 
liquids.  The  former  scheme  of  apparatus  is,  however, 
the  one  universally  preferred  for  all  purposes  of  ex- 
periment. 

404.  As  the  use  of  the  trough  is  attended  with  great 
inconvenience  in  filling  and  emptying  it;  and  as  the 
metals  become  rapidly  corroded  without  such  a  pre- 
caution is  observed,  the  plates  are  now  usually  so  con- 
structed that  th^  may  be  immediately  removed  from 
the  liquid,  and  as  speedily  restored  to  it.  The  annexed 
sketch  represents  the  most  approved  apparatus  for  this 
purpose. 


The  trough  a,  with  its  partitions,  is  made  of  earth- 
enware ;  the  met^lic  plates  z,  are  attached  to  a  bar  of 
wood,  BO  that  they  can  be  immersed  and  removed  at 
one  Operation.  The  troughs  are  filled  with  dilate 
acid,  and  by  uniting  them  in  regular  order  the  appa* 
rptus  may  be  enlarged  to  any  extent.     This  is.the  form 
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adopted  for  that  splendid  apparatus  in  the  Royal  Insti- 
tution, which,  in  the  hands  of  its  illustrious  Professor, 
Sir  Humphry  Davy,  decomposed  the  fixed  alkalies,  and 
developed  the  composition  of  other  bodies  which  was 
previously  unknown. 

405.  Philosophers  make  an  important  distinction 
between  iniensity  aiid  quantity/  of  electricity.  By  the 
^former  is  meant  its  power  of  passing  through  a  certain 
stratum  of  air,  or  other:  ill  conducting  medium ;  by  the 
latter  the  absolute  quantity  of  electric  power  in  any 
body.  In  the  Voltaic  pile,  the  intensity/  of  the  electri- 
.city  increases  with  the  number. of  alternations,  but  the 
quantity  is  increased  by  extending  the  surface  of  the 
plates.  Thus  if  a  battery,  composed  of  thirty  pairs  of 
plates.. two  inches  square,  be  compared  with  another 
battery  of  thirty  pairs  of  twelve  inches  square,  charged 
in  the  same  manner,  no  difference  will  be  perceived  in 
their  eflects  upon  bad  or  imperfect  conductors ;  their 
power  of  giving  shocks  will  be  similar ;  but  upon  good 
.conductors  the  effects  of  the  large  plates  will  be  con- 
siderably  greater  than  those  of  the  small ;  they  will 
ignite  and  fuse  large  quantities  of  Platinum  wire,  and 
produce  a  very  brilliant  spark  between  points  of  char- 
coal, 

406.  This  distinction  between  quantity  and  tii- 
tensity  is  important,  and  will  suggest  the  mode  best 
adi^>ted  for  the  construction  of  a  galvanic  battery^  ac- 
cording to  the  objects  for  which  it  is  designed. 


EliECTRO-CHEMISTRY. 

407.  So  important  and  extensive  is  the  agency  of 
electricity  in  producing  chemical  decomposition,  that 
its  investigation  forms,  as  it  were^  a  distinct  branch  of 
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science^  and  has  been  denominated  ElectrihChenus* 

try. 

'406*  It  baa  been  considered  probable,  by  Sir  H. 
Davy,  that  the  power  of  electrical  attraction  and  re- 
pulsion is  identical  with  chemical  affinity.  If  this  b^ 
true,  we  obtain  at  once  a  solution  of  the  problem,  and 
can  explain  the  action  of  the  electric  and  galvanic 
fluids,  in  disunitii^  the  elements  of  chemical  combi< 
nations;  fi>r  it  is  evident  that  if  two  bodies  be  held 
together  by  virtue  of  their  electrical  states,  by  change 
ing  their  electricity  we  shall  disunite  them. 

409.  In  this  view  of  the  subject^  every  substance, 
it  is  bupposed,  has  its  own  inherent  electricity,  some 
being  poaitive,  others  negative.  When,  therefore, 
bodies  in  such  opposite  states  are  presented  to  each 
Other,  they  combine.  Upon  this  fact  an  arrangement 
has  been  founded,  and  bodies  are  said  to  be  Electro^ 
■Negatwcj  or  ElectrO'^Positioe,  according  as  they  are 
attracted  to  the  Positive  or  Negative  pole  of  the  bat« 
tery,  for  it  is  a  common  law  of  electrical  attraction, 
that  bodies  will  be  repelled  by  surfaces  which  are  in 
the  same  state  of  electricity  as  themselves,  and  attracted 
by  those  which  are  in  opposite  states,  (390).  Upon 
this  principle  it  would  appear  that  the  inherent  or 
natural  electrical  state  of  the  inflammable  substances 
is  positive^  for  they  are  attracted  by  the  negative  or 
oppositely  electrified  pole ;  while  the  bodies  caUed  sup- 
porters of  combustion,  or  acidifying  principles,  are  at- 
tracted by  the  positive  pole,  and,  therefore,  may  be 
considered  as  possessed  of  the  negative  pewer. 

4rlO.  One  of  the  first  discoveries  of  the  chemical 
agency  of  the  pile  was  its  power  of  decomposing  water. 
To  exhibit  this  phaenomenon  various  forms  of  appa- 
ratus have  been  contrived,  but  the  most  simple  is  that 
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tepreaented  in  Dr.  Henry's  Chemislry,  and  which  4s 
here  introduced. 

np  is  a  glass  syphon^  contain- 
ing Water,  into  which  are  intro- 
duced two  gold  or  platinum 
wires,  through  corks  inserted 
into  the  open  mouths,  which 
are  made  to  terminate  before 
they  reach  the  bend,  in  which 
a  small  hole  is  ground,  so  as 
to  form  a  communication  with  the  water  in  which  it  is 
placed.  If  the  parts  of  the  wire  which  project  from 
without  the  tube  at  n  and  p,  be  made  to  communicate, 
the  one  with  the  zinc  or  positive  end,  and  the  other 
with  the  copper  or  negative  end,  of  a  galvanic  battery, 
minute  bubbles  of  air  will  be  seen  proceeding  from  the 
extremities  of  each  wire,  and  after  a  short  time  oxygen 
gas  will  be  found  to  have  collected  in  the  leg  connected 
with  the  positive  end,  and  hydrogen  gas  in  that  con-^ 
hected  with  the  negative  end ;  and  in  the  exact  pro- 
portions which,  by  their  union,  compose  water. 

41 1 .  But  it  is  a  most  extraordinary  and  important  fact, 
that  these  gases  may  be  thus  obtained  from  two  quantities 
of  water,  not  immediately  in  contact  with  each  other. 

If  two  glass  tubes,  p  and  n, 
about  one-third  of  an  inch  in 
diameter,  and  four  inches  long, 
having  each  a  piece  of  gold 
wire  sealed  hermetically  .into 
one  end,  and  the  other  end 
open,  be  filled  with  distilled 
water,  and  placed  inverted  in 
separate  glasses  filled,  also  with  the  same  fluid,  and  the 
two  glasses  a,  6,  are  made  to  communicate  by  the  in- 
tei*position  of  moistened  thread,  as  shewn  at  c,  as  soon- 
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as  the  wires,  projecting  fr6in  the  sealed  ends  of  the 
tubes  be  connected,  the  one  with  the  posUvoey  the  other 
with  the  negative  end  of  the  trough,  gas  will  be  imme- 
diately evolved,  as  in  the  preceding  experiment.  Now, 
since  these  gases  must  necessarily  arise  from  the  de- 
composition of  one  and  the  same  particle  of  water,  and 
since  that  particle  must  have  been  contained  either  in 
the  tube  /i,  or  in  tlie  tube  n,  it  is  clear  that  either  the 
oxygen,  or  the  hydrogen,  must  have  passed  invisibly 
from  |7  to  n,  through  the  intervening  substance  c. 
Facts  of  this  kind,  evincing  the  transference  of  the 
elements  of  a  combination^  to  a  considerable  distance, 
and  in  a  form  that  escapes  the  cognizance  of  our  senses, 
however  astonishing,  are  sufficiently  numerous  and  well 
established. 

412.  If  instead  of  simple  water,  the  galvanic  eneigy 
be  made  to  act  upon  the  solution  of  a  neutral  salt^  as 
that  of  sulphate  of  potass  (a  salt  composed  of  sulphuric 
acid  and  potass)  the  same  transference  of  its  elements 
will  take  place,  and  we  shall  obtain  pure  potass  in  the 
negative  vessel,  and  sulphuric  acid  in  the  positive  one. 
For  performing  this  experiment  the  following  arrange- 
ment will  be  necessary. 

Py  and  n ,  are  two  vessels,  con- 
taining the  solution  to  be  de- 
compose49  and  connected  to- 
gether with  moistened  thread ; 
w  Wy  are  two  platinum  wires  to 
be  connected  with  the  two  ends 
of  the  galvanic  trough.    In  this 
case  the  acid  and  alkali  vrill 
traverse  the  thread  a,  without  uniting ;  in  consequence 
of  being  under  the  influence  of  electrical  action ;  so 
completely,  indeed,  is  chemical  affinity  suspended  upon 
these  occasions,  that  if  an  intermediate  vessel,  contain- 
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ing  nitric  acid,  be  placed  between  the  pOBitive  and 
negative  ones,  the  potass  will  trayeUBe  it  without  any 
combination  being  produced* 

4I9L  The  fact  of  the  transference  of  the  elements 
of  a  combination  to  a  considerable  distance,  through 
intiervening  substances,  has  been  very  ingeniously  sup- 
posed capable  of  affording  the  means  of  eliminating 
calculi  from  the  bladder.*  Could  the  functions  of  the 
part  be  protected  against  the  influence  of  so  powerful 
an  agent,  it  is  evident  that,  by  a  galvanic  battery  of 
sufficient  intensity,  a  calculus  composed  of  alkaline  or 
earthy  salts  might'  be  transferred  from  the  bladder  by 
the  simple  introduction  of  a  double  sound,  conmiuni- 
eating  on  oiie  hand  with  the  calculus,  and,  on  the 
other,  with  two  vessels  filled  with  water,  in  which  are 
plunged  the  opposite  poles  of  a  galvanic  apparatus* 
This  arrangement  would  transfer  the  aicid  constituents 
into  the  vessel  connected  with  the  positive  end,  and 
the  bases  into  that  of  the  negative  end.t 

414.  Nor  are  the  effects  produced  by  the  action  of 
a  simple  galvanic  circle  less  interesting  to  the  medical 
practitioner,  especially  in  their  connection  with  some 
curious  and  important  facts  in  Toxicology.  It  has 
been  long  known  that  the  poisonous  e£fects  of  copper 
utensils  might  be  prevented  by  a  film  of  tin ;  but  it 
was  supposed  that  this  protection  ceased  as  soon  as 
any  portion  of  the  surface  was  abraded.  Proust,  how- 
ever, was  the  first  to  announce  the  fallacy  of  such  an 
c^nion,  but  his  explanation  of  the  fact  was  purely 
chemical; — ^firom  the  superior  affinity  of  the  tin  for 

*  Joainal  de  Phjsiologie ;  Juillet,  1823. 

t  For  a  further  account  of  this  interesting  subject,  and  of  the 
experiments  which  have  been  instituted  for  its  illustration,  see 
PflARNACOLOGIAy  Vol.  1.  p.  SSI.  Edit.  6. 


£42  iVtfctffco/  Applkmiom 

oxygen;  upon  the  same  ptinciple  he  stated  that  no 
hann  could  arise  from  the  alloy  of  tm  with  lead^  nnoe 
this  latter  metal  cannot  he  diasolTed  by  any  acid  as 
long  as  an  atom  of  tin  exists.  The  true  explanation 
of  the  fact,  howeyer^  is  to  be  derived  from  a  biow«* 
ledge  of  the  electric  relations  of  these  metals,  which 
the  student  will  at  once  discover  by  referring  to  Tabb 
1.  (401),  where  it  will  be  seen  that  tin  is  positive  with 
respect  to  lead,  and  that  copper  is  negative  in  rriation 
to  both*  For  the  same  reason,  if  acid  matter  be  coo* 
tained  in  a  copper  vessel  it  will  become  poisonous  if  a 
silver  spoon  be  used  in  stirring  it,  because  this  metal 
is  negative  with  respect  to  copper,  whereas,  if  a  leaden 
or  tin  spoon  be  substituted,  we  shall  derive  a  protects 
ing  influence  firom  its  action.  It  was  by  reasoning 
upon  this  principle  of  Electro-chemical  agency  that 
Sir  H*  Davy  arrived  at  the  important  feet  that  the  cop« 
per  of  ships  might  be  protected  firom  the  corrosive 
action  of  the  sea  water  *  by  the  juxta  position  of  discs 
of  zinc,  iron,  or  tin;  in  which  case  the  muriatic  acid, 
instead  of  acting  on  the  negative  copper,  is  transferred 
to  the  metal  which  is  positive.  The  pursuit  of  this 
enquiry  has  not  only  confirmed  the  justness  of  the 
views  which  suggested  it,  but  it  has  furnished  the 
Toxicologist  with  a  striking  fact,  ia  support  of  the  as^ 
sertion  of  Proust,  for  it  has  been  found  on  trial,  that, 
when  the  cc^per  is  thus  protected,  marine  insects  at* 
tach  themselves  to  its  surfkce  with  impunity.f 
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*  The  msrislo  of  magnssia  contaiaed  in  the  wslJbr  of  the  ocesn 
18  the  salt  ^ich  is  the  most  destructive'to  the  copper. 

f  At  the  moment  this  sheet  was  going  to  press^  I  read  an 
account  of  Dr.  Bostock's  Experiments  on  the  applicability  .of 
8ir  H.  Davy's  discovery  to  copper  vessels  employed  in  cookery^ 
(AfMoU  ofPhUoiophyfor  September^  1824.)  by  which  he  has  shewn 
that,  although  Copper  is  preserved  by  Tin  from  the  action  of 
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415. .  Nor  will  the  Surgeon  be  excluded  from  his 
di«re  of  benefit  from  the  discorery.  Mh  Pepjrs  had 
ptopooed  to  presenre  steel  inslruments  from  rust  by  a 
simple  application  of  the  same  principle ;  it  will  be 
seen  in  Table  1,  that  zinc  is  potiiroe  with  respect  to 
iron ;  if  therefore  a  portion  of  this  metal  be  inserted  in 
a  sheath,  composed  of  some  imperfect  conductor^  the 
introduction  of  the  steel  instrument  will  complete  a 
simple  golranic  circle  of  the  first  order,  and  the  iron 
will  be  protected  fiK>m  oxidation. 

416«  There  is  yet  another  application  of  galranism  to 
a  purpose  of  medical  utility,  which  desenres  notice,--* 
the  detection  of  minute  quantities  of  Corroshe  Subli*^ 
mate*  For  this  object  we  have  merely  to  let  fall  a  drop 
of  the  solution  upon  the  surface  of  a  piece  of  gold,  as 
foir  instance,  on  a  Sovereign^  and  then  to  bring  a  piece 
of  iron,  as  a  key,  in  contact  with  both ;  a  galvanic 
circle  is  immediately  formed,  and  as  the  iron  is  positive 
the  acid  will  be  transferred  to  it,  and  the  quicksiher 
win  be  deposited  on  the  gold. 

417.  It  also  appears  from  the  experiments  of  Mr* 
Brande,*  that  galvanism  may  be  applied  to  the  disco* 
very  of  very  minute  quantities  of  albuthen,  which  are 
not  rendered  sensible  by  any  other  test.  In  this  way 
he  produced  a  rapid  coagulation,  at  the  negative  pole^ 
in  several  animal  fluids^  in  which  albumen  bad  not 
been  supposed  to  exist. 

418.  How  far  electrical  action  may  be  concerned  in 
some  of  the  more  recondite  phsenomena  of  animal  life 

acetic  acid,  in  the  same  manner  as  it  is  from  that  of  sea  water, 
yet  that  the  principle  eannot  be  applied  with  safety  in  culinary 
openttons,  in  consequence  of  the  volatility  of  the  acetic  acid,  by 
which  it  is  enabled  to  act  upon  the  copper,  without  constituting^ 
any  part  of  the  galvanic  circle. 

*  Philosophical  Transactions,  1809. 

Q  2 
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we  haye  already  oflfered  a  conjecture  (999).  It  m&st 
be  confessed  that  the  principles  of  Electro-chemistry 
offer,  on  many  occasions,  a  very  close  analogy  to  those 
of  yitality.  The  phenomena  of  secretion  may  receive 
a  more  plausible  explanation  from  this  than  from  any 
other  source  of  action.  We  may  imagine,  says  Dr. 
Young,  that  at  the  subdivision  of  a  minute  artery,  a 
nervous  filament  pierces  it  on  one  side,  and  afibrds  a 
pole  positively  electrical,  and  another  oppoute  filament 
a  negative ;  then  the  particles  of  oxygen  and  nitrogen 
contained  in  the  blood,  being  most  attracted  by  the 
positive  point,  tend  towards  the  branch  which  is  nearest 
to  it,  while  those  of  the  hydrogen  and  carbon  take  the 
opposite  channel ;  and  that  both  these  portions  may 
again  be  subdivided,  if  it  be  required,  and  the  fiuid 
thus  analyised  may  be  recombined  into  new  forms,  by 
the  re-union  of  a  certain  number  of  each  of  the  kinds 
of  minute  ramifications*  In  some  cases  the  a{^araUis 
may  be  somewhat  more  simple  than  this,  in  others, 
perhaps,  much  more  complicated ;  but  we  cannot  ex- 
pect to  trace  the  processes  of  Nature  through  every 
particular  step ;  we  only  enquire  into  the  general  di- 
rection of  the  path  that  she  follows,  as  much  in  order 
to  avoid  being  led  away  by  false  opinions,  as  for  the 
sake  of  any  direct  advantage  that  can  be  gained  firom 
our  partial  views  of  the  true  state  of  the  operations* 


PART    II- 


ON  ELEMENTARY  BODIES,  AND  THE  COM- 
POUNDS  WHICH  RESULT  FROM  THEIR 
COMBINATION  WITH  EACH  OTHER. 


419.  Having  investigated  the  general  forces,  vrhich, 
by  their  action  on  matter,  give  rise  to  the  principal 
phenomena  of  Chemistry,  we  have  next  to  consider 
the  chemical  properties  and  actions  of  the  individual 
substances  on  which  they  operate. 

420.  In  the  language  of  modem  Chemistry,  the 
term  Elementari/^  or  Simple^  has  a  signification  very 
diflfereni  from  that  attached  to  it  by  the  ancient  plii- 
losophers,  who  considered  it  as  expressing  substances 
possessing  absolute  simplicity,  which,  by  modifications 
of  form,  or  combination  with  each  other,  form  the  nu- 
merous substances  which  compose  the  material  world  ; 
whereas  the  Elements  of  the  moderns  are  considered  as 
simple,  merely  in  relation  to  the  present  state  of  the 
art  of  analysis,  for  it  is  assumed  as  a  general  principle, 
that  every  substance  is  to  be  regarded  as  simple  which 
hm  not  been  resolved  into  two  or  more  constituent 
parlfti  Tlia  number  and  nature  of  our  elements  will 
accordingly  be  constantly  liable  to  vary  during  the  pro- 
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greBB  of  science.  Within  the  last  few  years,  for  in- 
stance, how  many  bodies  have  been  decomposed,  by 
the  powers  of  electricity,  which  had  been  long  con- 
sidered as  simple  i  It  is,  howeyer^  probable,  that  our 
experimental  elementt  are  still  very  remote  from  those 
of  Nature,  and  although  fixture  discoveries  may  enable 
us,  by  producing  farther  decomposition,  to  approach 
more  nearly  to  them,  it  may  nevertheless  be  doubted 
whether  the  true  elements  of  matter  are  not  so  recon- 
dite as  for  ever  to  elude  the  sagacity  of  human  research^ 

4S1.  In  the  earlier  ages  of  the  world,  Philosophers 
acknowledged  but  four  elements,  three  of  which  are 
now  demonstrated  to  be  compound  bodies*  Paracelsus 
maintained  the  existence  of  three  principles,  which  he 
called  the  tria  primaj  viz.  Salt,  Sulphur,  and  Mercury. 
The  Chemists  of  the  present  day  consider  the  primary 
substances,  which  can  be  subjected  to  measurement  and 
weight,  to  be  fifty-two  in  number.  To  which  some  add 
the  imponderable  elements, -^Ught,  heat,  electricity, 
and  magnetism ;  but  their  separate  identity,  althouj^ 
probable,  is  not  clearly  ascertained. 

428.  The  arrangement  of  the  di&rent  simple  and 
compound  bodies,  like  the  npmber  of  the  elements,  has 
varied  with  every  prevailing  doctrine;  and  the  pro- 
priety of  the  more  popular  and  generally  received  clas- 
sification which  distributes  substances  according  to 
their  power  of  undergoing  combustion,  or  of  su|^KHt- 
iog  it,  has  become  questionable  from  late  researches 
into  the  nature  of  combustion.  That  which  is  founded 
upon  the  electrical  relations  of  bodies  appears  to  be, 
by  far,  the  most  philosophical,  and  is  the  one  which 
should  be  adopted  in  all  elaborate  systems.  In  com- 
posing, however,  a  chemical  work,  the  arrangement  of 
the  subjects  should  be  conformable  with  the  objects  for 
which  it  is  designed*    In  a  work  intended  for  those  al- 
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nmif  instmcted  in  the  fim  principles  of  Cbemistryy 
great  adFantage  will  arise  from  preaentiiig  ibe  differen( 
substaitcea  in  ibe  order  of  their  rdkttions  to  each  other, 
by  whiob  all  the  adranlages  of  analogy  \¥iU  be  ensured ; 
but  in  a  work  strictly  dementary^  intended  for  the  in« 
atruotion  of  the  mere  student^  the  great  object  is  to 
lead  him  from  known  to  uoluiown  prc^sitions  by  the 
least  abrupt  steps ;  and,  above  all,  to  avoid  in  our  ex* 
planations  of  die  simpler  subjects  the  anticipation  of 
the  more  recondite  phenomena.  It  is  true  that,  in 
many  cases,  such  a  difficulty  cannot  be  av<^ed,  foi^ 
the  objects  of  science  are  connected  in  a  circle,  and 
from  whatever  point  we  start,  some  previous  knowledge; 
will  be  required.  Thus,  for  instance,  if  we  commence 
vridi  the  subject  of  Attraction,  its  laws  cannot  be  ex*^ 
plained  without  a  reference  to  the  composition  of  sub* 
stances,  the  names  even  of  which  may  be  supposed  to 
be  unknown.  If,  on  the  contrary,  we  commence  with 
a  history  of  such  substances,  their  nature  and  habitudes 
cannot  be  understood  without  a  knowledge  of  the  at- 
tractions by  which  they  are  influenced ;  the  same  diih- 
enlty  occurs  in  treating  the  subject  of  Electricity. 
Without  an  acquaintance  with  the  composition  of  se« 
vend  bodies  how  can  we  exemplify  the  decomposing 
powers  of  this  wonderful  influence;  and  without  a. 
knowledge  of  this  agent  how  are  we  able  to  explain 
the  history  of  those  substances  whose  composition  has 
been  discovered  through  its  application?  In  many 
cases,  however,  these  difficulties  are  btit  apparent,  and 
are  not  to  be  placed  in  competition  with  the  numerous 
advantages  which  attend  such  an  arrangement.  These 
observations,  it  is  hoped,  will  reconcile  the  reader  to 
the  method  which  has  been  pursued  in  the  following 
pages,  and  will  explain  my  reasons  for  having  deviated 
from  the  ordinary  routine  of  elementary  works. 
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423.  The  following  is  on  outline  of  the  anangement 
which  I  have  usually  followed  in  my  Lectures,  in  tnsat- 
ing  of  the  different  simple  and  compound  substances 
of  Nature  and  Art.  Water  is  presented  as  the  first 
object  of  examination,  not  only  as  being  a  fluid  uni- 
versaUy  known,  but  as  entering  very  generally  into  the 
composition  of  other  bodies,  and  as  influencing,  by.  its 
presence,  almost  all  the  phaenomena  of  chemistry.  Its 
decomposition,  moreover,  brings  the  student  at  once 
acquainted  with  two  leading  elements, — oxygen,  and 
hydrogefiy — the  nature  of  which,  from  the  important, 
part  which  they  perform  cannot  be  too  early  under- 
stood, while  their  gaseous  form  will  afford  us  an  op* 
portunity  of  illustrating  the  methods  to  be  adopted  in 
collecting,  transferring,  and  examining  gases.  Carbon, 
which  may  be|  said  to  constitute  the  basis  of  organized 
matter,  is  considered  next,  and  by  its  union  with  oxy- 
gen and  hydrogen,  we  shall  learn  the  nature  and  pro- 
perties of  Carbonic  oxide;  Carbonic  acid;  and  Car', 
buretted  Hydrogen.  In  this  part  of  our  arrangement, 
the  consideration  of  the  Atmosphere  maybe  enter- 
tained, since,  with  the  exception  of  Azote,  it  includes 
no  principles  whose  nature  has  not  been  already  .ex*? 
plained.  Under  this  head  the  theories  of  combustion, 
of  animal  heat,  and  of  oxygenation,  may  be  conve- 
niently introduced.  The  history  of  the  Simple  Sup- 
porters of  Combustion,  Chlorine,  and  Iodine,  and 
their  combinations,  will  follow.  The  compounds  pro-, 
duced  by  the  union  of  Oxygen  and  Azote  ;  of  Hy- 
drogen and  Azote,  and  of  Carbon  and  Azote,  will 
succeed.  The  histories  of  Sulphur  ;  Phosphorus; 
the  Metals;  and  Neutral  salts,  will  conclude  the 
first  part.  The  second  and  third  divisions  will  com* 
prise  the  subject  of  Qrganic  Chemistry. 
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494.  The  brilliant  idea  of  constructing  a  nomen-* 
clature  that  might  convey,  with  the  name,  a  knowledge 
of  the  prominent  character  of  each  elementary  body,  as 
well  as  the  constitution  of  every  compound  produced 
by  their  union,  originated  with  Fourcroy,  Morveau, 
BerthoUet,  and  Lavoisier,  who,  in  the  year  1TB7,  de«^ 
livered  a  plan  to  the  chemical  world  in  as  perfect'  a 
form  as  the  then  existing  state  of  science  would  allow: 
'Rie  extraordinary  discoveries  which  have  taken  place 
since  that  period  havo  necessarily  rendered  some  part$ 
of  this  system  objectionable,  and  led  to  the  modifican 
tion  of  others,  but  the  basis  remains  entire  and  undis- 
turbed, as  an  imperishable  monument  of  the  genius 
and  industry  of  its  illustrious  founders.  In  giving 
names  to  the  undecompounded,  or  elementary  bodies^ 
they  endeavoured  to  preserve  the  ancient  denomina* 
tion,  whenever  it  was  free  from  any  of  those  vices 
which  they  were  anxious  to  eradicate;  the  metals, 
earths,  alkalies,  and  several  other  bodies,  were  for  this 
reason  allowed  to  retain  the  names  by  which  they  had 
been  long  known.  But  the  discovery  of  the  consti« 
tuent  parts  of  water,  and  of  the  atmosphere,  rendered 
the  adoption  of  certain  new  titles  indispensable,  and^ 
in  constructing  these,  they  were  guided  by  some  sttik<* 
ing  peculiarity  presented  by  each  of  the  elementary 
bodies.  The  two  ingredients,  for  example,  of  which  * 
water  is  composed,  received  the  appellations  of  Oxy^ 
gen  and  Hydrogen^* '  in   consequence  of  the  fonner 

*  The  roots  in  theia  cmties,  from  which  the  derivation  is  effect* 
ed,  are  the  GredL  words  0{ur,  acidmm,  and  v)*'^,  «f«Mi>  the  vorb  • 
yuffAaiy  gignor,  being  added  to  each. 
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having  been,  at  that  period,  regarded  as  the  exclusive 
principle  of  acidity,  and  from  the  latter  being  the  ge- 
nerator of  water.  Azote  \  received  its  name  from  its 
constituting  that  portion  of  the  atmosphere  which  is 
incapable  of  supporting  life.  In  all  the  additions 
which  recent  discoveries  have  made  to  the  catalogue 
of  elements,  the  principle  thus  established  has  been, 
either  in  letter  or  spirit,  uniformly  acknowledged,  and 
names  perfectly  arbitrary  have  been  rejected;  thus, 
Chlorine  received  its  appellation  from  its  characteristic 
green,  and  Iodine  from  the  violet  colour  of  its  vapour. 
In  like  manner  a  person,  at  all  acquainted  with  the 
principles  of  chemical  language^  cannot  fail  to  recog- 
nise, in  the  terms  Barium  and  Strontium^  the  bases  of 
the  earths  Baryta  and  Strontia,  or  in  those  of  Potas^ 
9ium  and  Sodium,  the  bases  of  the  two  fixed  alkalies. 
The  termination  also  of  the  names  of  the  simple  bodies, 
as  well  as  their  derivation,  is  calculated  to  convey  use- 
ful information,  when  regulated  by  some  established 
rule,  and  will  at  once  apprize  us  to  what  class  of 
bodies  any  substance  belongs.  Thus,  for  the  metals, 
the  termination  um  has  been  selected ;  for  the  alkalies 
and  earths,  that  of  a ;  and  for  those  radicals  which  are 
neither  alkaline  nor  metallic,  but  supporters  of  com* 
bustion,  that  of  ine.  We  have,  accordingly.  Potass* 
ium  for  the  metallic  basis  of  the  alkali  Potassa,  Cin* 
chcmia  and  Quina  for  the  alkaline  principles  of  the 
Bark,  and  lodf ite.  Fluorine,  and  CUorme  for  the  hai 
description  of  elements.  In  giving  names,  however,  to 
new  principles  we  must  necessarily  allow  a  certain 
latitude  for  the  caprice  of  the  discoverer,  whence  it 
must  ever  constitute  the  least  perfect  part  of  the  sys- 
tem. In  giving  appellations  to  the  various  compounds^ 
p^— — — 1,1    ..  - 1..  ■     I  ■  ■  ,     «,i.^ii— ^ 

*  From  a  noMy  and  ZSny  tfiUt. 
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a  more  definite  and  inviMriable  principle  has  been 
sumed;  and,  wkile  the  nomenclature  is  compatible 
with  any  fotUfe  additions,  it  conTeys  immediately  to 
the  mind  a  knowledge  of  the  composition  of  the  sub* 
stance  which  it  is  employed  to  represent.  The  com- 
pounds which  arise  from  the  union  of  the  metals  with 
each  other  are  termed  Alloys^  except  in  those  cases 
in  which  Mercury  is  an  ingredient,  when  the  resulting 
compound  is  denominated  an  ^iiui/^am.  Where  any 
other  inflammable  element  combines  with  a  base,  a 
di&rent  form  of  expression  is  provided,  the  termina- 
tion urei  being  given  to  the  generic  term ;  the  com- 
binations of  Sulphury  for  instance,  are  termed  Sul- 
jAknreii;  thoae  of  Phosphorus^  Phosphure^^/  and  of 
CarboHy  Garbur^^f.  The  name  of  a  compound  into 
which  oxygen  enters,  varies  according  to  the  nature 
of  the  properties  which  it  exhibits ;  when  it  is  acid 
it  receives  a  title  determined  by  that  of  the  acidified 
substance ;  but  in  every  other  case  the  product  is 
merely  termed  an  oside,  and  where  more  than  one 
compound  of  this  description  is  produced,  the  termi* 
nations  out  and  ic  are  used  to  designate  the  relative 
proportions  of  the  oxygen;  thus,  azote  fi^rms  two 
osndes,*  that  containing  tlie  smallest  proportion  of 
oxygen  is  the  Nitrotff  oxide,  that  containing  the  large- 
est,  the  Nitric  oxide.  The  acid  compounds  are  simi- 
larly distinguished,  as  Nitrotf »  and  Nitric  acid ;  Sul- 
phurotff  and  Sulphuric  acids ;  tlie  former  termination 
denoting  the  minimum^  the  latter  the  maximum  of 
oxygenation.  The  same  principle  of  expression  has 
been  extended  to  the  other  supporters  of  combustion, 
which  have  been  discovered  since  the  construction  of 
the  original  nomenclature,  vix.  Chlorine  and  Iodine^ 
and  the  combinations  which  are  formed  by  these  ele- 
ments are  accordingly  called  Chlorides  and  Iodides. 


9SS  Chemkal  Nonunclalurc. 

In  som^  cases  the  difierent  propotiions  of  oxygen  or 
chlorine^  which  unite  with  the  same  base^  are  dis- 
tinguished by  prefixing  derivatiyes  from  the  Greeks 
as  Protoxide,  Pro<o-chloride,  i!feti/oxide,  h-ttoxide, 
ftc«  and  when  the  base  is  combined  with  the  largest 
possible  quantity,  the  compound,  if  not  add,  is  called 
Peroxide,  or  a  Perchloride.  The  compounds  which 
the  acids  form  with  the  alkalies,  earths,  and  metallic 
oxides,  are  termed  Neutral  saltSy  BXid  the  composite 
nomenclature,  which  has  been  contriyed  to  express 
their  composition,  constitutes,  at  once,  the  most  pre- 
cise, and  the  most  useful  part  of  the  system.  When 
the  acid  in  combination  with  the  base  is  in  the  loweitt 
state  of  acidification,  as  expressed  by  the  terminatioy 
ousj  the  resulting  salt  is  designated  by  the  terminaUon 
t^^  added  to  the  first  syllable  of  the  acid;  thus  Sul- 
phurotr5  acid  forms  SulphiYei,  Phosphorom  acid, 
Fhospht7ef ,  &c.  whereas  when  the  acid  is  at  its  maxi- 
mum of  acidification,  as  announced  by  its  termination 
in  fc,  the  salts  are  made  to  end  in  ate,-  thus  the  Sul- 
phuric, Phosphoric,  and  Nitric  acids  form  Sulphates, 
Phosphale^,  and  I^itra^e^.  Since,  however,  salts  may 
.be  composed  of  difierent  proportions  of  the  same  acid 
and  base,  a  farther  provision  was  required  to  denote 
this  diflference.  In  the  earlier  period  of  Cheiftistry  the 
prefixing  the  term  Super^  if  the  acid  predominated, 
and  Subj  if  the  base  prevailed,  constituted  a  sufficient 
mark  of  distinction ;  but,  since  the  recognition  of  the 
Atomic  theory  (256)  which  teaches  us  that  where  two 
bodies  unite  in  more  than  one  proportion,  the  second, 
third,  &c.  are  multiples  of  the  first,  these  terms  havfe 
received  a  modified  meaning ;  and  as  the  simplest  and 
most  regular  form  of  combination  is  when  the  acid  and 
base  unite  atom  to  atom,  (261,  note)  the  generic  name 
is  assigned  to  it  without  any  additional  distinction; 
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thus  when  an  atom  of  lime  unites  with  Kfi  atom  of  sul'^ 
phuric  acid,  the  product  is  a  Sulphate  of  lime;  but  if 
two  or  more  atoms  of  base  be  attached  to  one  of  acid, 
it  is,  in  such  a  case,  proposed  that  the  syllable  Sub 
should  be  prefixed ;  so  that  the  term  which  originally 
served  merely  to  express  a  certain  quality,  arising  from 
the  predominance  of  the  base,  is  now  used  to  denote  a 
definite  proportion  of  the  ingredients.  It  must  be  con-- 
fessed  that  such  changes  are  attended  with  great  in-, 
convenience,  and  we  shall  frequently  find  that  the  new. 
application  of  the  term  will  be  in  variance  with  its 
former  meaning ;  and  of  this,  the  name  usually  at- 
tached to  the  Salt  of  Tartar  of  the  shops,  and  which 
is  still  retained  in  the  Pharmacopoeia,  suggests  itself 
as  an  immediate  and  striking  example.  This  substance 
has  been  long  known  under  the  title  of  Sif  ft-carbonate 
of  Potass,  but,  as  it  is  composed  of  one  atom  of  car* 
borne  acid,  and  one  of  potass,  notwithstanding  its 
alkaline  character,  it  is  now,  in  conformity  with  the 
above  rule,  denominated  a  Carbonate^  and  since  no 
salt  exists  with  a  smaller  proportion  of  carbonic  acid, 
there  can  be  no  such  body  as  a  Suft-carbonate  of  this 
alkali*  But  the  reform  introduced  by  the  Atomic 
theory  does  not  rest  here;  the  number  of  atoms  of 
acid  with  which  the  base  is  combined  is  now  designa* 
ted  by  prefixing  to  the  generic  name  of  the  salt  a 
numerical  syllable ;  thus,  where  two  atoms  of  acid  are 
combined  with  one  of  base,  the  teim  bi  is  prefixed ; 
where  three,  triy  and  so  on  ;  we  thus  speak  of  the  6r- 
sulphate,  and  the  fttnoxalate  and  ^ndiroxalate  of  pos 
ass.  In  the  sam^  way,  the  salt  of  potass,  still  termed  in 
our  Pharmacopoeia,  the  Carbonate j  is,  chemically  speak- 
ing, the  £t-carbonate.  The  same  nomenclature  is  ex- 
tended to  the  compounds  formed  by  the  simple  Inflam- 
mables, we  have  therefore  £t-sulphurcts ; — £t-carbu* 
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rets^  and  JBt*{^q)hureto«  There  yet  remunit  to  be 
nentloned  another  form  of  saline  combination,  for 
which  it  was  necessary  to  proTide  a  nomendature ;  I 
allude  to  what  are  Called  Triple  salts^  in  which  the 
acid  unites  with  two  bases ;  in  this  case  the  names  of 
both  bases  enter  into  that  of  the  salt,  as  in  Tarifaie  of 
Potass  and  Soda.  In  some  cases  the  latter  name  has 
been  prefixed  as  an  adjective^  and  we  thus  speak  of  the 
Ammofsiaco^muriate  of  Platinum ;— the  Ammoldaco* 
phosphate  of  Magnesia,  &c. 

485.  In  concluding  the  history  of  the  Compodte 
Nomenclature  of  Chemistry,  I  may  be  allowed  to  ex* 
press  my  strong  doubts  with  respect  to  the  propriety  of 
intcoducing  it  into  medical  practice.  Its  principal  Value 
in  science  depends  upon  the  assistance  which  it  gives  to 
the  memory  in  distinguishing,  and  remembering,  the 
multiplied  combinations  of  nature  and  art ;  in  Phar- 
macy such  assistance  is  scarcely  necessary ;  our  medi^ 
cines  are  few;  and  dull  indeed  must  be  that  stttdeht 
who  stands  in  aid  of  an  artificial  memory.  At  the  same 
time,  it  is  a  matter  of  great  consequence  that  the 
names  of  our  remedies  should  be  unchangeable,  that 
the  physician  should  be  able  to  avail  himself  of  the 
experience  of  his  predecessors  with  facility,  and  that 
he  should  read  their  prescriptions  without  the  aid  of 
a  glossary.  This  can  only  be  accomplished  by  adopt* 
ing  terms  that  are  perfectly  arbitrary,  and  not  liable  to 
fluctuate  with  the  tide  of  chemical  theory.* 


..  •  For  fiurtberrainarksapon  this  salject  the  StudsQtiaay  refer 
to  my  PiiARiucou>GiA.  Vol.  1.  p.  7S.  £d.  6. 
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426.  It  was  an  ancient  and  very  universal  opinion 
that  water  constituted  the  first  principle  of  almost  all 
matter ;  a  belief  that  received  even  some  support  irom 
the  experiments  of  the  earlier  philosophers,  for  Van 
Hdmont  shewed  that  plants  would  grow  for  a  yery 
long  time  in  pure  water,  whence  it  was  concluded  that 
it  was  capable  of  being  changed  into  all  the  substances 
found  in  vegetables.  Mr.  Boyle  f  supposed,  that  bj 
long  digestion  and  boiling  in  glass  vessels,  he  had  con- 
Terted  water  partly  into  an  earth,  but  the  solid  matter 
was  afterwards  shewn  to  be  derived  from  the  apparatus 
employed  in  the  experiments. ;{: 

427.  Although  the  researches  of  modern  Chemists 


*  Boartaavc  nyiy  that  it  was  m  consequcoce  •f  Mme»  havuy 
Mivwed  a  tr^itioa  that  the  Spirit  of  Qod,  brooding  upon  the 
&ce  of  the  waien^  had  communicated  to  them  a  prolific  virtue, 
that  the  ancient  Persians  looked  upon  water  as  the  principle  of 
all  bodies.  Milton  favours  the  tame  idea,  {PMtMdUe  Lott^  book 
vii.  nae  1834.)  The  same  doctrine  is  also  taught  in  th«  Koian^ 
«*  D*  net  the  onbeliaren  know  that  the  heKteas  aad  the  earth 
wtn  solid,  aad  I  clave  the  suae  m  sunder,  aad  made  every  livii^ 
thmg  of  water."  (SaW$  Koran,  vol,  2,  p.  155.)  The  Latin  word 
A^mm  15  SDpposed  to  have  been  derived  from  the  saase  prevateat 
Mief,  VIS.  a  fan  omnia. 

f  B(»yWs  works,  Pol.  vol.  a,  p.  6ia. 

X  The  reader  may  find  a  long  aad  carioas  ftaiper  afoo  tftiaaab* 
Ject  ia  the  4th  volume  of  Dr.  Watson-s  Chemieal  Eanys. 
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hare  proTed  that  water  itself  is  a  compound,  they  hare, 
at  the  same  time,  furhished  fresh  evidence  of  its  almost 
universal  presence  in  natural  as  well  as  artificial  sub- 
stances ;  of  the  bodies  of  animals  it  constitutes,  at  least, 
three*fourths  of  their  weight;*  and  it  has  been  sup- 
posed by  many  eminent  physiologists,  that  up<m  the 
relative  quantity  of  the  water  and  the  solid  matter, 
depend  many  morbid  changes  of  the  body,  as  well  as^ 
the  natural  varieties  in  the  constitution  and  tempera- 
ment of  different  individuals ;  we  shall  find  hereafter 
that  water  is  still  farther  important  in  flinushing  oxj/^ 
gen  and  hydrogen  to  the  different  parts  of  the  animal 
body.  The  atmosphere  always  contains  a  notable 
quantity ;  and  various  substances  owe  many  of  their 
properties  to  its  presence;  acids,  for  instance,  when 
deprived  of  water  lose  the  characters  by  which  they 
are  distinguished. 

4S8.  Water  enters  into  combination  with  solid 
bodies  in  two  states.  In  the  first,  the  proportion  of 
solid  matter  exceeds  that  of  water,  and  the  liquid  be- 
comes a  part  of  the  solid  body  without  rendering  it 
fluid;  in  the  second,  the  solid  is  much  exceeded  by 
the  quantity  of  liquid,  which  therefore  imposes  its  pe- 
culiar form  upon  the  compound.  The  products  of  the 
first  state  are  termed  Hydrates ;  the  second  constitutes 
Solutions.  Thus,  the  Precipitated  Sulphur  of  oUr 
Pharmacopceia,  is  a  true  hydrate.  The  whole  class  of 
saline  preparations,  whether  assuming  the  form  of  crysr 
tals,  powders,  or  solid  masses,  fall  under  the  same  de* 
nomination.    The  well  known  operation  of 


*  Profeaaor  Chauasiflr  put  a  dead  body  of  120  pounds  into  aa 
oven,  and  found  it,  after  several  dajs  succeaNve  desiccation,  rer 
diiced  to  19  pounds.  Bodies,,  after  betni^  buried  for  a  lon^  time 
in  ftbe  buraiag  saads  of  tbe  Aiabiaa  doierts,  pcweat  an  cKtiaordi- 
nary  dimiautioa  of  weight. 
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lime  18  ako  calculated  to  affbrd  a  striking'  instance  of 
the  solidification  of  water,  and  the  consequent  conTer- 
aion  of  the  earth  into  a  hydrate*  (298.) 

489.  The  water  upon  these  occanons  is  so  inti<« 
mately  combined,  that  it  frequently  resists  the  decom- 
posing power  of  a  high  temperature.  Saussure^  who 
made  experiments  on  the  hydrate  of  alumina,  declares 
that  this  earth  has  so  powerful  an  attraction  for  water, 
that  it  will  retain  a  tenth  of  its  weight  of  that  fluid, 
even  though  it  be  submitted  to  a  heat  that  will  fuse 
iron.  In  like  manner,  potass,  after  having  been  sub* 
jected  to  a  red  heat,  is  found  to  retain  more  than  13 
per  cent. ;  and  soda,  under  similar  circumstances,  nearly 
19  per  cent,  of  water. 

430.  In  these  compounds  th€|  proportion  of  com* 
bined  water  generally  appears  to  be  definite  in  each, 
although  to  this  law  there  is  one  or  two  exceptions. 
Soi^,  for  instance,  is  a  hydrate^  but  the  prc^ortion  of 
water  is  found  to  be  variable.  The  same  observation 
will  perhaps  apply  also  to  many  vegetable  and  animal 
aolids. 

431.  For  depriving  airs  and  vapours  of  their  mois- 
ture they  are  generally  exposed  to  some  absorbent  salt, 
as  muriate  of  lime ;  for  other  puiposes  of  desiccation, 
it  is  most  elegantly  accomplished  by  means  of  the  air- 
pump  and  sulphuric  acid,  as  already  explained.  (350.) 

492.  It  is  scarcely  necessary  to  give  any  definition 
-or  description  of  this  universally  known  fluid*  Every 
person  is  acquainted  with  its  external  characters,  and 
must  be  aware  of  the  moderate  degree  of  activity 
vrhich  it  possesses  with  regard  to  organized  substances, 
rendering  it  fnendly  to  animal  and  vegetable  life,  for 
both  which  it  is  indeed  indispensably  necessary.  Hence 
it  acts  but  slightly  on  the  organs  of  sense,  and  is  there- 
fore said  to  hiive  neither  taste  nor  smell.    It  appears  to 
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possess  ebttticity,  and  yields  ia  a  perceptible  dq^ree  to 
pressure.  Canton  long  ago  proved  its  expansibilityi 
but  Mr.  Jacob  Perkins  has  lately  contrived  an  instru- 
ment,  wliicb  he  calls  a  PiexomHcTj  in  which  he  has 
subjected  water  to  a  pressure  of  S26  atmocfpheres,  and 
has  succeeded  in  increasing  iu  density  8*5  per  oent» 
Under  ordinary  circumstances  it  appears  to  be  at  its 
maximum  of  density  at  the  temperature  of  40^  Fdk* 
since  it  expands  both  with  heat  and  cold  beyond  this 
point.  (S780 

4SS.  The  most  simple  form^  in  which  it  is  probaUe 
that  water  will  ever  be  exhibited^  is  that  of  ice  ;*  fibr,  by 
the  mere  combination  of  ice  with  caloric^  fluid  water 
will  be  formed,  and  a  further  portion  of  caloric  will 
convert  this  fluid  into  steam,  the  most  attenuated  aque- 
ous vapours  being  nothing  more  than  ice  dissolved  and 
rarefied  by  the  solvent  and  expansive  power  of  caloric. 

434.  Water,  as  it  occurs  from  the  hand  of  Nature, 
is  seldom,  if  evw,  presented  to  us  in  a  perfectly  pure 
state.  That  which  flows  within^  or  upon  the  surfiice 
of  the  earth,  contains  various  earthy,  saline,  m^talUo, 
vegetable,  or  animal  particles,  accoxdiog  to  the  sub- 
stances over  or  through  which  it  passes.  Rain  and 
snow  water  are  much  purer,  although  these  also  contain 
whatever  floats  in  the  air,  or  has  been  exhaled  along 
vnth  the  watery  vapours. 

485«  When  the  presence  of  foreign  matter  impaits 
to  water  any  peculiarity  in  colour,  taste,  smell,  or  me- 
dicinal effect,  it  is  termed  a  mineral  watery  the  history 
and  investigation  of  which  consUiutes  an  important 
branch  of  Medical  Chemistry,  but  can  scarcely  be  con- 

*  If  it  be  true  that  ice  is  only  water  in  a  state  of  solidity,  it  b 
evident,  say  the  sophists,  that  ve  may  speak  of  red  hoi  ice  without 
incurring  the  charge  of  absurdity. 
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sidered  as  an  object  of  elementary  instruction.*  It 
may,  however,  be  stated  that  there  is  a  rule,  first  pointed 
out  by  Mr.  Kirwan,  by  which  a  knowledge  of  the  spe- 
cific gravity  of  a  mineral  water  will,  at  once,  lead  us  to 
an  estimate  of  its  saline  contents.  The  method  is  this : 
Subtract  the  specific  gravity  of  pure  water  from  the 
specific  gravity  of  the  mineral  water  under  examina* 
Hon  (both  expressed  in  whole  numbers),  and  multiply 
the  remainder  by  1  '4.  The  product  is  the  saline  con- 
tents, in  a  quantity  of  the  water,  denoted  by  the  num- 
ber employed  to  indicate  the  specific  gravity  of  distilled 
water.  Thus,  let  the  water  be  of  the  specific  gravity 
1  •  079,  or  in  whole  numbers  1079.  Then  the  specific 
gravity  of  distilled  water  will  be  1000.  And  1079^1000 
X  1*4  =r  110*6,  which  represent  the  saline  contents 
in  1000  parts  of  the  water  in  question.  Dr.  Ure  ob- 
serves that  this  rule  may  be  simplified  in  the  following 
manner.  Multiply  by  140  the  decimal  part  of  the 
number  representing  the  specific  gravity  of  the  saline 
solution,  and  the  product  is  the  dry  salt  in  100  grains. 
This  formula,  it  must  be  confessed,  is  one  of  great 
practical  value  to  the  Chemist  and  Pharmaceutist,  for 
it  may  be  extended  to  the  examination  of  the  various 
solutions  employed  in  medicine.  In  enumerating  the 
practical  advantages  to  be  derived  from  a  knowledge 
of  the  specific  gravities  of  bodies  (50),  this  application 
ought  not  to  have  been  overlooked. 

436.    It  is  evident,  therefore,  that  the  specific  gravity 

of  water  afibrds  a  certain  test  of  its  purity  ;t  but  it  fre- 

ai— — ^— ^       »»■«——».—■   I  1^—^-^  iiiii         I    IP  111     iiiii  —  i.i. 

*  The  reader  will  find  some  practical  observations  upon  the 
subject  in  my  Fharmacologia,  Vol.  2.  Axt  jiqua  Marina^  and 
Aqws  Minerales. . 

t  There  is  a  letter  still  extant  from  Synesius,  a  Christian 
Bishop  of  the  fiflh  century,  to  the  female  philosopher  Hypati^* 
uhdet  whom  he  had  formerly  studied,  in  which  he  complains  of 
being  ill ;  and  says  that  he  wishes  to  use  a  Hydroscopiumy  and  re- 
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quently  happens  that  the  sum  of  all  the  saline  sub" 
stances  dissolved  in  water  does  not  exceed  a  six  thou- 
sandth part  of  its  weight,  and  yet  may  be  composed  of 
six  or  eight  difierent  substances.  Mr.  Dalton,  indeed, 
has  asserted,  from  the  result  of  his  own  experiments, 
that  the  hardesti*  spring  water  seldom  contains  so  much 
as  one-thousandth  part  of  its  weight  of  any  foreign  body 
in  solution.  Such  water  would  require  for  its  exami- 
nation with  the  Hydrometer,  or  gravity  bottle  (73),  a 
delicacy  of  manipulation  which  would  be  inconsistent 
with  practical  utility ;  in  such  cases,  therefore,  we  must 
rely  upon  the  indications  of  our  chemical  reagents. 
(S5S,  note.) 

437.  The  means  to  be  adopted  for  the  purification 
of  water  may  be  said  to  have  been  suggested  to  us  by 
Nature  herself,  viz.  Distillation  and  Filtration.  Mr. 
Parkes  has  observed  that  the  most  contaminated  waters 
on  the  face  of  the  earth  are  daily  purified  by  the  action 
of  the  sun^s  beams,  which  separate  the  limpid  particles 
from  the  polluted  mass,  and  elevate  them  into  clouds, 
from  whence  they  are  distilled  in  showers  of  rain,  hail, 
or  snow.  The  hills  and  mountains  of  the  globe  also 
perform  a  similar  office,  by  aUowing  the  waters  in  their 
vicinity  to  percolate  through  them,  whence  they  are  pre- 
sented to  us  in  various  degrees  of  purity,  according  to 
the  nature  of  the  diflferent  strata  through  which  they 
have  filtrated. 

quests  that  she  would  cause  one  to  be  constructed  for  him.  '*  It  b 
a  cylindrical  tube,*'  he  adds,  "  of  the  size  of  a  reed  or  pipe.  A  line 
is  drawn  upon  it  lengthwise,  which  is  intersected  by  others,  and 
these  point  out  the  weight  of  the  water.*'  It  is  probable,  as  the 
bishop  was  in  an  infirm  state  of  health,  that  he  was  ordered  by  his 
physicians  to  drink  none  but  pure  water,  and  that  the  instrument 
he  required  was  one  similar  in  principle  to  our  hydrometer,  in 
order  to  test^the  purity  of  his  beverage, 
t  The  property  termed  hardness  depends  upon  SvipMs  sfJAme. 
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438.  Water  has  been  discovered*  to  consist  of  two 
elementary  principles,  to  which  the  names  of.  Oxygen 
and  of  Hydrogetij  for  the  reasons  already  stated, 
have  been  assigned.  The  simplest  form  in  which  these 
bodies  can  be  presented  to  us  is  in  that  o(  ga8^\  which, 

M  ■!  I  '  I     ■  ■     I    »         ■■!■       .  II     ..      ■■■■  ■    I  > 

*  This  important  discovery,  which  maj  be  said  to  have  con- 
tributed more  largely  than  any  other,  to  the  extension  of  our 
chemical  knowledge^  was  effected  by  the  unrivalled  genius  of  Mr. 
Cavendish  in  the  year  1784. 

f  As  we  are  about  to  enter  upon  the  consideration  of  gaseous 
bodies,  it  will  be  necessary  to  ezpUin  the  apparatus,  and  methods 
of  manipulation,  to  be  adopted  for  collecting,  preserving,  trans* 
fcrriag,  and  examining  them.  The  principle  is  extremely  simple  f 
by  filling  a  gUss  Jar  wilh  water,  and  invertiiig  its  mouth  in  a  tub 
containing  the  same  fluid,  the  jar  is  kept  full,  in  consequence  of 
the  pressure  of  the  atmosphere  upon  the  surfitce.  In  this  state 
the  jar  is  ready  to  receive  any  species  of  gas,  not  soluble  in  watery 
which,  by  its  lightness,  will  rise  through  the  water,  and  gradually 
di^laciDg  it  from  the  jar,  wijl  occupy  its  place.     For  cout 


ducting  this  operation  an  apparatus  termed  a  PneumoHe  trough^ 
or  sometimes  the  Hjfdro-fnewmalie  trough^  has  been  invented. 
li  consists  of  a  tab,  which  may  be  made  of  wood,  or  Japanned 
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as  the  Btudent  has  already  learnt  (SIO),  depends  upon 
the  presence  of  a  quantity  of  combined  caloric.    It 

iron,  as  represented  in  the  annexed  sketch,  and  which  should  be 
twelves  or  fourteen  inches  deep,  in  order  to  aUow  the  glass  re- 
<3eivers  to  be  conreniently  filled.  A  shelf,  containing  several 
holes,  is  so  placed  as  to  be  about  an  inch  under  the  surface  of  the 
water,  when  the  trough  b  filled.  When  any  species  of  gas  is  to 
be  collected,  a  jar  is  to  be  filled  with  water,  and  carefully  placed, 
with  its  mouth  downwards,  over  one  of  the  holes.  The  beak  of 
the  retort  from  which  the  gas  is  proceeding  is  then  brought  under 
it,  when  it  will  bubble  upwards,  and  displace  the  water ;  and  in 
this  manner  any  number  of  jars  may  be  successively  filled  with 
the  required  gas.  If  our  object  is  to  preserve  it  for  future  exa- 
iiination,  each  jar  may  be  removed  from  the  trough,  without  any 
loss  of  its  contents,  by  plunging  a  saucer  into  the  water,  and 
sliding  the  jar  into  it,  taking  care  that  its  mouth  is  never  raised 
above  the  surface  of  the  fluid.  Nor  is  it  less  difficult  to  transfer 
gas  from  one  vessel  to  another.  For  this  purpose,  we  have  only 
to  fill  the  jar,  into  which  we  wish  to  introduce  it,  with  water,  and 
to  invert  it  in  the  trough;  then,  by  bringing  the  month  of  the  jar 
containing  the  gas,  under  that  which  is  filled  with  water,  and  gra- 
dually depressing  the  top  of  the  former,  the  gas  will  escape,  and 
enter  the  latter.  This  operation  may  be  said  to  be  merely  the 
converse  of  that  of  pouring  water  into  any  empty  vessel,  that  is, 
into  one  containing  only  air,  for  in  this  case,  the  water  being  the 
heavier  fluid  is  poured  from  above,  enters  the  vessel,  and  expells 
the  air  upwards  whereas  in  the  other  case,  the  gas  being  the 
lighter  fluid,  it  is  poured  from  beiow,  ascends,  and  ezpeUs  the 
water  downward*.  When  the  receiving  vessel  has  a  narrow  neck, 
as  a  common  phial,  the  air  may  be  poured  through  a  glass  funnel. 
If  our  object  is  to  introduce  the  gas  into  a  bladder,  we  must  be 
provided  with  a  jar,  having  a  stop-cock  in  its  upper  orifice,  to 
which  the  bladder  is  to  be  attached.  Then  by  opening  it»  and  at 
the  same  time  lowering  the  jar,  perpendicularly,  into  the  water, 
the  air  will  rush  into  the  bladder,  which  may  be  afterwards  de^ 
tached  from  the  jar,  and  preserved  for  use* 
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iQinit, .  therefore,  be  distinccly  uhderBtood  thdt  water  ia 
not  the  product  of  the  umon  of  these  gases j  but  of  the 
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For  measuring  gases,  cyliadrical  vessels  are  employed,  some  of 
which  are  divided  into  100  equal  |>arts,  others  into  tenths,  and 
hundredths  of  a  cubic  inch.  For  this  purpose,  also,  graduated) 
tiriMB«  iufifi^iciitly  MMllto  allow  their  months  to  be  dottd  with 
the  thomh,  will  be  found  eDitremdy  convenient. 

Where  large  quantities  of  gases  are^iequired  to  be  collected 
and  preserved,  we  employ  Ga$'hoider9f  and  Ga7^meter$,  The 
most  useful  instrument  of  this  description  is  that  invented  by  Mr. 
Pepys,  and  known  by  the  name  of  the  Improved  GaS'holderj  which 

is  made  either  of  japanned  iron,  or 
copper.    It  consists  of  a  body,  or 
reservoir  A,  holding  from  six  to 
eight  gallons;  a  cistern  B,  (rora 
which  issue  two  tubes  supplied  with 
stop-cocks,  e,  /,  one  entering  the 
reservoir,  the  other  continued,  as 
shewn  by  the  dotted  lines,  to  near 
the  bottom.    C  is  a  short  oblique 
tube,  issuing  from  the  bottom  of 
the  reservoir,  and  capable  of  being 
accurately  closed  by  a  screw.    D 
Is  a  glass  communicating  at  both 
ends  with  the  body  of  the  gas- 
holder.   F  is  a  funnel,  communi- 
cating with  the  tube/,  and  which 
may  be  used,  or  not,  according  to 
circumstances,   its  object   merely 
being  to  increase  the  force  of  the 
water  by  the  height  of  its  column.    When  it  is  intended  to  fill 
this  apparatus  with  gas,  the  first  step  is  to  fill  it  with  water,  which 
may  be  effected  in  the  following  manner.    Close  the  tube  C,  and 
open  the  stop-cocks  e,/,  water  b  then  poured  into  the  cistern,  or 
funnel,  in  case  the  latter  should  be  used,  which  running  down  the 
long  tube,  forces  the  air  up  the  shorter  one.    The  reservoir  hav- 
ii^  been  thus  filled  with  water,  the  slop-cocks  are  to  be  closed, 
^ad  the  aperture  C,  openetl,  through  which  the  water  cannot  run, 
in  consequence  of  the  pressure  of  the  aUnosphjere.     Into  this 
orifice  the  beak  of  the  retort,  or  tube,  whence  the  gas  issues,  is  to 
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ponderable  bases  which  they  contain.  The  water, 
therefore,  resulting  fixwa  their  combination,  bears  no 
proportion  tit  volume  to  that  of  the  gases,  but  its 
weight  accurately  coincides  with  that  of  its  constituent 
parts. 

Ea:p»  55. — ^The  decomposition  of  water  may  be  very 

satisfactorily  exhibited  by  the  following  arrange- 

ment. 

S 


B  is  a  glass  retort  containing  a  given  weight  of 
water,  and  connected  with  an  earthen  tube  C,  C, 

|>e  introduced,  which,  bubbling  up,  displaces  tha water  through 
the  same  opening.  When  it  is  seen  by  inspecting  the  tube  D, 
that  the  cylinder  is  nearly  filled  with  gas,  the  aperture  is  closed. 
When  we  wish  to  draw  off  the  gas,  by  opening  the  stop^cocks  «,/, 
we  may  receive  it  in  any  vessel  placed  over  e ;  or  by  opening/,  and 
g,  it  may  be  drawn  through  the  latter,  either  for  the  purpose  of 
filling  a  bladder,  or  urging  a  blow-pipe.  In  this  latter  case,  the 
funnel  F,  should  be  always  used  to  increase  the  force  of  the  cur- 
rent. 

Those  gases  which  are  absorbed  by  water  cannot  be  received  in 
the  Hydro-pneumatic  trough,  but  must  be  collected  over  m^^ 
cury.  For  this  purpose  various  forms  of  apparatus  have  been 
contrived,  with  a  view  of  furnishing  the  greatest  accommodation 
with  the  least  possible  quantity  of  quicksilver.  The  most  convex 
nient  and  ceconoroical  of  these  is  that  invented  by  Mr.  Newman, 
an  engraving  of  which  may  be  seen  in  Brande*$  MmuuU  of  Ck^ 
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which  travenes  the  small  furnace  D,  and  tennis 
nates  in  the  spiral  pewter  tube  d^  dy  immersed  ia 
water.  A  given  weight  of  pure  iron  wire,  coiled 
up,  is  introduced  into  the  tube  C,  and  the  whole, 
made  red  hot ;  the  water  in  B  is  then  made  to 
boil,  and  the  vapour,  on  coming  in  contact  with 
the  red  hot  iron,  is  in  part  decomposed,  the  oxj* 
gen  being  retained  by  the  iron,  and  the  hydrogen 
escaping  through  the  tube  fy  may  be  collected  as 
usual,  any  undecomposed  portion  of  water  is  con- 
densed in  the  worm  pipe  d^  and  drops  into  the 
vessel  e.  After  this  experiment,  the  iron  will  be 
found  to  have  increased  in  weight ;  and  if  atten- 
tion  be  paid  to  the  quantity  of  water  which  hae 
been  collected  in  e,  and  to  the  weight  of  the  hy- 
di'ogen  gas  evolved,  it  will  be  fband  that  the  weight 
gained  by  the  iron,  added  to  that  of  the  hydrogen, 
will  be  equal  to  the  weight  of  the  water  which  has 
'  disappeared.  We  shall  thus  be  led  to  the  inference 
that  nine  parts  of  water  consist  of  eight  of  oxygen 
and  one  of  hydrogen,  by  weight. 

439.  The  decomposition,  however,  of  water  is  more 
strikingly  effected  by  the  agency  of  electricity,  as  al- 
ready explained,  for  in  this  case  the  oxygen  and  hy* 
drogan  are  both  exhibited  in  their  gaseous  forms,  and 
in  their  exact  proportions,  viz.  one  v(dume  of  oxygen 
to  two  volumes  of  hydrogen ;  and  since,  according  to 
the  latest  experiments,  the  specific  gravity  of  the  latter 
gas,  when  compared  to  the  former,  is  as  16  to  1,  it  fol- 
lows  that  the  estimate  above  given,  with  respect  to  the 
4X>mbining  weights  of  these  elements,  is  correct. 
*  440.  it  is  not,  however,  sufficient  to  decompose  a 
body  into  its  constituent  principles ;  to  produce  com- 
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piece  conviction  *we  must  also  r^-oompose  it  with  the 
elemenU  which  resulted  from  itb  deoompo«itioa ;  hap- 
pily, modem  Chemistry  has  fiimiahtd  us  both  with  an 
analtftie  and  synthetic  proof  df  the  composition  of 
Water,  but  the  latter  will  be  more  oonrenieatly  -con- 
sid^E^  under  the  history  of  Hydrogen. 


OXYGBN. 

441.  The  most  simple  form  in  irhi<^b  this  body  can 
he  obtained  isr  in  that  of  gas,  when  it  is  at  least  t^om- 
hined  with  caloric,  if  not  ako  witli  light  and  electricity. 

442.  Oxygen  Ctos  was  discovered  by  Dr.  Priesdey, 
in  August,  1774,  who  gave  it  the  name  of  depUogisti* 
eaied  air.  In  the  following  year  Scheek  also  disco- 
vered it,  without  any  knowledge  of  the  previous  ex- 
periments of  the  Eng^h  philosopher,  and  called  it 
Empyreal  air.    It  has  been  also  termed  Vital  air. 

443.  To  procure  it,  a  quantity  of  Manganescy  a 
mineral  substance  found  in  abundance,  is  introduced 
into  a  glass  retort  furnished  with  a  ground  stopper, 
over  which  is  poured  a  quantity  of  oil  of  vitriol  (Sul« 
phuric  acid)  sufficient  to  convert  the  powder  into  a 
thin  paste;  the  bottom  of  the  retort  is  then  gently 
heated  by  means  of  a  lamp,  mid  the  extremity  of  its 
neck  introduced  under  an  inverted  cylinder  filled  with 
water  in  the  hydro-pneumatic  apparatus,  as  lepresenled 
in  the  wood-cut  at  page  S61.  Olobules  of  gas  will 
toon  rise  through  the  water ;  the  first  portions  collected 
must  be  thrown  away,  being  principally  the  common 
air  contained  in  the  retort ;  the  remainder  may  be  pre- 
served for  us^. 
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444.  There  are  many  other  methods  by  which  this 
gas  inay  be  obtained ;  the  same  manganese*  heated  to 
redness  in  an  iron  tabe^  such  as  a  gun<<barrel,  the  touch- 
hole  of  which  is  closed,  or  in  an  iron  bottle  usually 
sold  tor  the  purpose,  will  afibrd,  for  every  pound,  from 
40  to  fiO  wine  pints  of  gas.  Nitre  (common  Salt  Petre) 
heated  strongly  in  a  porcelain  retort,  will  also  give  off 
oxygen  gas.  Red  oxide  of  Lead  otkn  a  similar  result ; 
and  from  any  of  the  salts  called  Oxy "muriates y  or 
Chlorates^  it  may  be  obtained  by  a  dull  red  heat.  The 
gas  obtained  by  this  latter  process  is  much  purer  than 
that  procured  by  any  other  method. 

445.  Oxygen  gas  possesses  all  the  phyacal  proper* 
ties  of  common  air ;  it  is  invisible,  permanently  elastic, 
and  capable  of  indefinite  expansion  and  compression. 
It  has  neither  taste  or  odour.  It  is  rather  heavier  than 
common  air,  its  specific  gravity,  according  to  the  .best 
authorities,  being  1*1088.  It  is  not  absorbed  by  water, 
or  at  least,  in  so  small  a  degree  that  when  agitated  in 
contact  with  that  fluid,  no  perceptible  diminution  in 
its  bulk  takes  place. 

446.  This  gas  is  distinguished  firom  all  other  gaseous 
matter  by  the  following  properties. 

1.  All  inflammable  boiBes  burn  in  it  mth  greatly 
tncr^ased  splendour. 

'     Exp.  56.*-Plunge  a  lighted  wax  taper,  fixed  to  an 
iron  wire,  into  a  vessel  of  this  gas,  and  the  bril- 


*  As  manganese  is  frequently  contaminated  with  carbonate  of 
lime,  it  will  be  necessary  to  wash  it  with  dilute  muriatic  acid^ 
before  it  is  submitted  to  heat,  where  it  is  an  object  to  obtain  pure 
oxygen  gas  \  and  the  gas  should  moreover  be  allowed  to  remain 
fot  some  hours  over  nater.  This  precaution  is  essential  when  it 
is  intended  to  be  respired. 
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liancy  of  its  combustion  will  be  greatly  increased. 
Or,  if  the  taper  be  blown  out,  and  let  down  into 
it,  while  the  snuff  remains  red  hot,  it  will  instantly 
rekindle  with  a  slight  explosion,  and  bum  vividly. 
In  like  manner,  phosphorus,  iron  wire,  charcoal, 
sulphur,  &c.  by  combustion  in  this  gas,  will  ex* 
hibit  the  most  splendid  and  beautifiil  phienonien% 
during  which  a  very  large  quantity  of  caloric^  as 
well  as  light,  will  be  liberated. 

2.  It  supports  dmmal  life  in  a  more  eminent  degree 
than  common  air*  A  small  animal  confined  in  a  jar 
filled  with  this  gas,  lives  four  or  five  times  as  long  as 
in  an  equal  quantity  of  common  air ; — hence  it  has  been 
called  vital  air. 

3.  It  rapidly  converts  dark  blood  to  the  colour  of 
rich  Vermillion. 

,  Exp.  57. — ^Introduce  some  venous  blood  into  a  com* 
mon  phial  filled  with  oxygen  gas,  and  shake  it; 
a  change  of  colour  will  be  instantly  produced. 

4.  During  every  combustion  in  oxygen  gasy  the 
gas  suffers  a  considerable  diminution  in  volume. — 
Thi&  fact  may  be  easily  illustrated  by  burning  phofr* 
phorus,  or  any  inflammable  body,  in  a  jar  of  oxygen 
gas.  The  first  effect  of  the  combustion  will  be  a  de^ 
pression  of  the  water  within  the  jar ;  but  when  it  is 
finished,  and  the  vessel  has  cooled,  a  considerable  ab- 
sorption will  be  found  to  have  ensued. 

5.  All  bodies^  by  combustion^  in  oxygen  gasy  ac« 
quire  an  addition  to  their  weight;  and  the  increase 
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is  in  proportion  to  the  quantity  of  gas  absorbed^  viz. 
about  one-third  of  a  grain  for  every  cubic  inch  of  gas. 

Exp.  58. — f^U  the  bowl  of  a  tobacco  pipe  with  iron 
wire  coiled  spirally,  and  of  known  weight ;  let  the 
end  of  the  pipe  be  slipped  into  a  brass  tube,  which 
is  screwed  to  a  bladder  filled  wilh  oxygen  gas  s 
heat  the  bowl  of  the  pipe,  and  its  contents,  to  red- 
ness in  the  fire,  and  th^i  force  through  it  a  stream 
of  oxygen  gas  firom  the  bladder.  The  iron  wire 
will  bum ;  will  be  rapidly  oxidized ;  and  will  be 
fi>und,  when  weighed,  to  be  considerably  heavier 
than  before.  When  completely  oxidized  in  this 
mode,  100  parts  of  iron  wire  will  gain  an  addition 
of  about  SO. 

6.  The  substances  capable  of  combining  with  Oxy^ 
genj  afford  one  or  other  of  the  following  products : 
1.  An  Acid.  S,  an  Alkali  or  Earth.  S,  an  Oxide.  It 
is  not  easy  to  offer  an  unexceptionable  definition  of  these 
three  classes  of  compounds.  This  difficulty  arises  from 
the  fact,  that  several  bodies  of  each  class  are  deficient 
in  some  of  the  common  characters  which  distinguish  i|. 
By  the  term  jicidj  we  necessarily  associate  the  idea  of 
toumessy  but  the  Chemist  also  understands  by  this 
name,  a  body  which  reddens  vegetable  blue  colours,* 

f  The  test  best  adapted  for  this  purpose  b  the  blue  infusion  of 
the  leaves  of  red  cabbage,  which  becomes  red  by  the  action  of 
acids,  and  green  by  that  of  alkalies.  An  infusion  of  Litmu$  is 
also  commonly  used  as  a  test  for  the  former  of  these  bodies,  but 
it  is  not  aifected  by  alkalies;  the  test  usually  employed  for  the 
latter  is  T^trmeriCt  the  yellow  colour  of  which  is  thus  converted 
tetoa  brownish-ted.  Paper  tinged  with  these  substances  should 
be  kq^t  in  readiness  by  every  Chemist.     Litmus  paper,  also. 
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and  combined  with  the  alkalies,  the  earths,  and  me- 
tallic oxides,  fonning  compounds  in  which  the  propers- 
ties  of  the  acid,  or  of  the  substance  with  which  it  is 
united,  are  no  longer  to  be  rec<^i8ed.  For  these 
reasons,  we  include  several  bodies  in  the  class  of  acids 
that  are  not  distinguished  by  the  quality  of.  sourness, 
such  are  White  Arsenic^  Prussic  Acid,  &c* ;  nay,  even 
Sugar,  inconsistent  as  the  fact  may  be  with  our  popu- 
lar ideas,  will  be  found  to  possesB  some  of  the  charac- 
ters belonging  to  acids. 

447.  Nof  is  oxygen  essential  to  the  acidity  of  a 
compound,  as  Lavoisier  supposed,  for  it  has  been  since 
discovered  that  some  bodies  are  rendered  acid  by  union 
wkh  an  element  termed  Chlorine  \  and  others^  by  com- 
bination with  Hydrogen.  The  theory  of  Lavoisier, 
therefore,  which  considered  oxygen  as  the  essential 
principle  of  acidity,  can  no  longer  be  received  as  cor- 
rect. 

448.  Alkalies  and  Earths  are  chiefly  distinguished 
by  acting  as  bases,  vnth  which  the  acids  combine,  with 
the  loss  generally  of  the  separate  characters  of  each. 
The  alkalies  are  soluble  in  water,  and  change  some 
vegetable  blues  to  green;  the  JSar/Aj  are  either  not 
soluble  at  all,  or  sparingly  soluble  in  that  fluid ;  some 
of  them  affect  vegetable  colours  like  alkalies,  whence 
they  have  been  distinguished  by  the  name  of  Alkalims 


slightly  reddened  by  aa  acid,  affords  a  coovttaient  test  for  an 
alkali,  as  its  presence  immediately  restores  ther  orfginai  blue  co- 
lour. The  changes  thus  produced  by  acids  and  alkalies  on  vtgt- 
table  colours  were  long  regarded  as  amply  suftcient  to  indicate 
tiie  presence  of  these  bodies,  but  some  late  expenntents  by  Mr. 
South,  and  Mr.  Faraday,  have  shewn  that  changes  of  eolow, 
inconsistent  with  this  general  opinion,  are  produced  by  a  variety 
of  different  substances. 
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JElarihs*  Oxides,  especially  those  derired  from  the 
metals,  agree  with  the  earths  in  the  quality  of  insolut 
bility.  They  also  serve  as  bases  to  the  acids.  We 
have  also  examples,  in  which  the  same  body,  combined 
with  a  small  proportion  of  oxygen,  gives  an  oxide  that 
IB  capable  of  uniting  with  acids,  and  of  composing  salts; 
and,  again,  when  united  with  more  oxygen,  of  yielding  ^ 
an  acid  which  is  susceptible  of  forming  saline  comr 
pounds  with  alkaline  and  earthy  bases* 


Oxygenated  Water. 

449*  It  has  been  stated  that  oxygen  gas  has  not 
hitherto  been  condensed  into  a  liquid  form,  but  in 
July  1818,  M*  Thenai'd  succeeded  in  forming  what 
has  been  termed  a  Deuioxidcy  or  Peroxide  of  Hydros 
gen.  It  has  been  supposed  to  contain  double  the 
quantity  of  oxygen  to  that  which  enters  into  the  com- 
position of  water ;  that  is  to  say,  if  we  admit  water  to 
be  a  compound  of  one  atom  of  hydrogen  and  one  of 
oxygen,  the  peroxide  must  consist  of  one  atom  of  hy- 
drogen and  two  of  oxygen.  The  process  by  whiiih  it 
IB  obtained  is  complicated  and  difficult;  very  miaule 
instructions,  however,  for  its  preparation  are  givea  by 
its  discoY^rer.t 

460.  It  is  liquid,  and  colourless,  like  water.  li  has 
scarcely  any  smell,  but  when  applied  to  the  tongue 
whitens,  and  thickens  the  saliva,  and  produces  a  taste 
like  that  of  some  strong  metallic  solutions.    It  attacks 

the  skin  with  conaidemblcenergy,  bleaches  it,  and  occa- 

■  ■■--- -■  -  — _^__^__^__^_^^.^^^^^...^^. 

t  Ano.  de  Chim.  etPhys,  viti,  tx$  Ann.  of  Philos.  xiii^.xiv, 
XV)  and  Quartedj  Journal  of  Science,  vi,  150, 379.  viii,  114, 154. 
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•ions  a  smarting,  the  diuration  of  which  difiets'  in  difef- 
ent  persons,  and  in  the  same  person  according  to  the 
quantity  applied.  Its  specific  gravity  is  1*452,  and 
when  poured  into  water  it  desc^ids  through  it,  like 
syrup,  though  easily  dissolved  by  agitation.  In  its 
most  concentrated  form  it  has  not  been  congealed  by 
any  degree  of  artificial  cold  yet  applied  to  it.  It  is, 
however,  decomposed  at  the  temperature  of  55®,  when 
oxygen  gas  is  abundantly  liberated  firom  it*  By  the 
application  of  heat  it  explodes ;  the  addition  of  certain 
bodies  also,  as  oxide  of  silver,  peroxide  of  lead,  &c. 
produces  the  same  effect. 

451.  I  am  not  aware  that  any  trials  have  been  made 
to  ascertain  its  medicinal  properties,  but  it  seems  pro- 
bable  that  it  may  possess  some  virtues  that  would  ren- 
der its  external  as  well  as  internal  administration  effi- 
cacious. 

452.  It  is  probably  a  solution  of  liquid  oxygen  in 
water. 


Hydrogen. 

453.  Like  oxygen,  this  elementary  body  can  be  ob« 
tained  only  in  the  form  of  gas.  Of  all  gaseous  sub- 
stances it  is  most  distinctly  characterised  as  an  element; 
and  in  its  relations  it  is  opposed  to  oxygen.  Sir  H. 
Davy  concludes  firom  its  extreme  lightness,  and  fix)m 
the  small  quantities  in  which  it  enters  into  combination, 
that  it  is  unlikely  it  should  be  resolved  into  other  forms 
of  ponderable  matter,  by  any  instruments  or  processes 
at  present  within  our  power.  It  was  first  examined  in 
its  pure  form  by  Mr.  Cavendish  in  1766. 

454.  To  procure  Hydrogen  gas^  let  oil  of  vitriol 
(Sulphuric  acid)  previously  diluted  with  six  or  eight 
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times  its  weight  of  water,  be  poured  on  iron  filings,  or 
pieces  of,«^nc,  in  a  gas-bottle,  known  by  the  name 

of  a  proof  and  tubcy  as  here  re- 
presented. An  efferyescence  will 
immediately  ensue,  and  the  evol- 
ved gas  may  be  received,  in  the 
ordinary  manner,  in  jars  placed 
in  the  hydro-pneumatic  trough. 


455.  Iron  or  zinc,  without  the  intervention  of  the 
acid,  are  incapable  of  decomposing  water,  at  least  with 
any  degree  of  rapidity.  The  addition  of  the  acid  would 
appear  to  act  by  forming  a  simple  galvanic  circle. 

456.  It  may  likewise  be  procured  by  passing  steam 
over  turnings  of  iron  heated  to  redness  in  a  gun-barrel, 
as  already  explained.  (Exp,  55.) 

.  457.  This  gas  is  characterised  by  the  following  pro- 
perttes: 

.1.  As  commonlj/  procured  it  has  a  disagreeable 
odour ;  but  this  has  been  lately  shewn  to  depend.upon 
the  presence  of  a  peculiar  volatile  oil,  for  if  the  gas  be 
passed  through  pure  idcohol  it  becomes  inodorous. 

8.  It  remains  permanent  over  water,  or  is  not  ab- 
sorbed in  a  proportion  exceeding  y^th  the  bulk  of  the 

water. 

3.  Jt  is  considerably  lighter  than  common  air,  and 
is  indeed  the  lightest  of  all  elastic  fluids.  This  may 
be  easily  shewn  by  adapting  a  bladder  filled  with  the 
gas  to  a  common  tobacco-pipe,  and  blovnng  up  soap 
bubbles,  which  instead  of  falling  to  the  ground,  like 
those  commonly  blown  by  children,  will  rise  rapidly 
in  the  air.  On  this  property  is  founded  its  application 
to  the  raising  of  balloons.    According  to  the  latest  and 
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most  accurate  experiments  of  BenDeliHB  and  Diddilg, 
iu  specific  gravity  is  only  0*0688^  from  whenoe,  taking 
100  cubic  inches  of  atmospheric  air  at  31  grains,  we 
find  the  same  volume  of  hydrogen  gas  to  weigh  8*13 
grains. 

4.  It  is  inflammable^  and  hence  called  Inflammable 
Air ;  it  is  the  body  which  gives  the  power  of  burning 
with  flame  to  all  the  substances  used  for  the  cecono- 
mical  production  of  heat  and  light. 

Exp.  59. — ^Fill  a  small  jar  with  the  gas,  and  holding 
it  with  the  mouth  downwards,  bring  the  flame  of 
a  candle  in  contact  with  it ;  the  gas  will  take  fiie^ 
and  will  bum  away  silently. 

Exp.  60. — ^In  a  strong  bottle,  capable  of  holding 
about  four  ounces  of  water,  mix  two  parte  of  com- 
mon air  and  one  of  hydrogen  gas.  On  applying  a 
lighted  candle,  or  a  red  hot  wire,  the  mixture  will 
bum,  not  silently,  as  in  the  former  experiment, 
but  with  a  sudden  and  loud  explosion.  The  aam^ 
experiment  may  be  repeated  with  oxygen  gas,  in- 
stead of  atmospherical  air,  changing,  howevet,tiMi 
proportions,  and  mixing  only  one  part  cf  oxygan 
gas  with  two  of  hydrogen.  The  report  in  thiil 
case  will  be  considerably  louder.  The  bottle  should 
be  a  very  strong  one,  and  should  be  wmpped  round 
with  several  folds  of  cloth  to  prevent  an  accident. 

5.     Although  inflammable  itselfy  it  extinguishes 
burning  bodies. 

Exp.  61. — ^Bring  an  inverted  jar,  filled  with  this  gas, 
over  the  flame  of  a  candle,  and  suddenly  deprass 
the  jar,  so  that  the  lighted  wick  may  be  entirely 
surrounded  by  the  gas;  it  will  be  extinguishedi 
althoui^  the  gas  will  take  fire  and  bum  in  contact 
with  the  atmosphere. 
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6.  li  iafatBl  to  animals.  On  account  of  the  extreme 
lerity  of  this  gas  it  may  be  apparently  breathed  for  some 
time  without  inconvenience,  provided  that  the  lutigs 
at  the  outset  are  filled  with  common  air;  but  if  a  for- 
cible expiration  be  made,  before  drawing  in  the  hydro- 
gen gas,  only  two  or  three  inspirations  of  the  latter 
can  be  made,  and  even  these  produce  gi'eat  feebleness 
and  oppression  about  the  chest.  It  has  been  also  found 
to  change  the  tone  of  the  voice ;  this  effect  is  observed, 
on  the  person  speaking  immediately  after  ceasing  to 
breathe  it ;  but  it  soon  goes  off. 

458.  It  has  been  shewn  (Esp.  60)  that  hydrogen 
gas  combines  with  oxygen.  If  the  two  gases  be  pure, 
water  is  the  only  result,  and  the  proportions  are  one  of 
the  former  to  eight  of  the  latter  in  weight,  or  two  to 
cme  in  volume.    We  thus  receive  a  synthetic  proof  of 

the  composition  of  water.  The  experi- 
ment for  its  illustration  may  be  variously 
conducted.  The  union  of  the  gases  may 
be  at  once  effected  in  strong  dry  vessels 
by  the  electric  spariL ;  or  the  hydrogen  may  be  intro- 
duced into  a  vessel  full  of  oxygen  through  a  narrow 
tube,  by  means  of  pressure,  and  inflamed  by  electricity, 
or  the  oxygen  may  be  made  to  bum  in  the  hydrc^en 
fai  a  »milar  manner.  In  these  cases  a  sensible  quantity 
of  moisture  will  have  condensed  on  the  inner  sur&ce  of 
the  vessel,  and  by  repeating  the  operaUon,  a  sufficient 
quantity  of  fluid  may  be  collected  to  shew  that  water 
is  the  only  product.  For  performing  these  experiments 
with  accuracy,  a  delicacy  of  apparatus,  as  well  as  of 
manipulation,  will  be  required  which  the  student  can 
scai^ely  be  expected  to  command.  He  may,  however, 
satisfy  himself  of  the  truth  of  the  doctrine  by  the  fol- 
lowing simple  experiment. 

$  2 
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Ejcp.  62. — ^Into  a  glass  bottle,  supplied  with  a  coik 
through  which  a  tube  passes,  as  here  represented, 

introduce  a  small  quantity  of  iron 
filings,  and  pour  upon  them  dihited 
sulphuric  acid.  Inflame  the  hydro- 
gen gas  which  will  issue  from  the 
orifice  of  the  tube,  and  hold  an  in- 
verted jar  over  the  flame.  In  a  short 
time  its  interior  surface  will  be  co- 
vered with  a  very  fine  dew,  which 
is  pure  water,  produced  from  the 
combustion  of  the  hydrogen  gas, 
evolved  from  the  materials  in  the 
bottle,  and  the  oxygen  gas  of  the  at- 
mosphere. The  hydrogen  gas  should 
be  allowed  to  pass  off*,  for  some  little  time,  befoit? 
it  is  inflamed,  in  order  to  drive  the  atmospheric 
fur  firomthe  bottle,  the  presence  of  which  might 
otherwise  occasion  explosion. 

459.  By  the  combustion  of  these  two  gases,  in  the 
proportions  necessary  for  the  production  of  water,  the 
heat  produced  is  very  intense,  and  fiir  exceeds  the 
highest  heat  of  our  furnaces,  and  may  be  used  to  fuse 
bodies,  intractable  by  any  other  fire  raised  by  combus- 
tion. The  easiest  and  most  efficient  mode  of  exciting 
and  applying  this  heat  is  by  the  Oxjf*hydrogen  blow- 
pipe, in  which  these  gases,  after  undergoing  compres- 
sion in  a  mixed  state,  ate  propelled  through  a  capillary 
tube,  and  exposed  to  combustion. 

460.  Hydrogen  enters  largely  into  the  composition 
of  animal  and  vegetable  bodies.  In  the  human- body 
it  is  found  to  exist  in  a  gaseous  state  in  the  alimentary 
canal ;  to  a  small  extent  only  in  the  stomach,  but  in 
larger  proportions  in  the  great,  and  in  very  -considerable 
quantities  in  the  small  intestines,  while  oxygen  has 
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never,  been  found  in  any  part  of  the  primae  vi^  exo^t 
the  stomach. 

Carbon. 

461.     If  vegetable  matter,  especially,  the  wood  of 
plants,  be  exposed  to  heat  in  close  vessels,  the  more . 
volatile  paits  are  expelled,  or  decomposed,  and  there 
remains  a  black  shining  porous  body,  termed  Char« 
.C0AI4.    This  body,  however,  always  contains  several 
foreign  ingredients,  as  wate^,  air,  and  saline  and  earthy 
matter.     It  is  to  the  peculiar  inflammable  matter^  dir 
Xested  of  these  impurities,  that  the  term  Cabron  19 
applied.    It  is  an  abundant  principle  both  ia  vegetable . 
and  animal  substances,  ajnd  may  be  procured  from  them 
by  heat.    The  purest  known  form  in  which  it  can  be 
obtained  is  tha^  deposited  by  oils  or  spirits  of  wine,, 
on  passing  through  igni^d  itube^. 

463.  Extraordinary  as  ,the  fact  m^^  appear,  the  ex«. 
periments  are  too  numerous  and  conclusive  to  admit  of 
a  doubt  that  the  Diamond  and  Charcoal,  though  so 
Widely  remote  from  each  oftier  in  external  characters, 
are,  as  to  their  chemical  nature,  identically  the  same ; 
and  that  the  difference  between  them^  in  all  probability, 
results  merely  from  the  respective  states  of  aggregation 
of  their  particles.  Sir  Isaac  Newton,  vnth  a  sagacity 
almost  superhuman,  had  inferred  that  the  diamond  was 
a  combustible  body  from  the  great  refractive  powers 
which  it  displays  (383),  but  it  was  first  shewn  to  con- 
tain carbon  by  Guy  ton  Morveau.  This  distinguished 
philosopher  was  led  to  conclude  that  the  diamond  is 
the  only  form  of  true  carbon,  and  that  charcoal  is  a 
componnd  of  carbon  and  oxygen,  or  an  oxide  of  car« 
bon ;  the  researches,  however,  of  Messrs.  Allen  and 
Pepys  have  negatived  such  a  supposition.  The  proofs 
of  the  identity  of  these  bodies  are  that,  by  combustion^ 
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they  both  afibrd  the  same  product,  and  thai  each  i% 
capable  of  conyerting  iron  into  steel,  under  circiiiii- 
stances  quite  free  from  all  sources  of  fallacy. 

463.  Charcoal  is  now  generally  prepared  by  the 
distillation  of  wood  in  cast  iron  cylinders.  The  lop- 
pings of  young  trees,  commonly  called  crop^wood,  axe 
employed  for  this  purpose;  and  in  addition  to  the 
charcoal,  an  impure  vinegar,  called  Pyroligneous  acid^ 
is  obtained  by  the  process ;  a  description  of  which, 
together  with  a  sketch  of  the  apparatus,  will  be  'found 
under  the  history  of  Acetic  Acid.  For  accurate  che- 
mical purposes,  pieces  of  oak,  willow,  hazel,  or  other 
woods,  deprived  of  the  bark,  may  be  buried  in  sand  in 
a  crucible,  and  exposed  to  the  strongest  heat  of  a  wind 
furnace,  when  the  charcoal  thus  produced  should  be 
used  before  it  has  time  to  become  cold ;  or  if  it  cannot 
be  had  fresh  made,  it'  should  be  heated  again  to  red- 
ness under  sand  in  a  crucible. 

464.  Charcoal  of  wood  has  the  following  properties. 
It  is  brittle,  and  easily  pulverized,  black,  perfectly  in- 
sipid, inodorous,  and  insoluble.  It  is  more  than  twice 
as  heavy  as  water,  and  is  a  conductor  of  electricity. 
In  close  ves^ls,  and  entirely  secured  from  contact  with 
air,  it  is  infusible  by  any  heat  that  has  hitherto  been 
applied.  By  exposure  to  the  atmosphere,  it  absorbs 
moisture,  so  as  to  increase  in  weight  from  IS  to  14  per 
cent,  and  possesses  moreover,  the  singular  property, 
when  perfectly  diy,  of  absorbing  several  times  its  vo* 
lume  of  any  gas,  to  which  it  may  be  exposed,  without 
alteration ;  for  which  purpose  it  must  be  employed  im- 
mediately  after  ignition,  and  whUst  yet  warn.  Thi» 
effect  would  appear  to  be  entirely  mechanical,  for  when 
the  charcod  is  jreduced  to  powder  it  is  much  diminished. 
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465.  Charcoal  Tesiuia  thft  putrefafstion  of  mimal 
substances.  A  piece  of  flesh«iiieiit|  which  has  begun 
to  be  tainted,  may  have  its  sweetness  restored  by  rub* 
bing  it  daily  with  powdered  charcoal ;  and  may  be  pre* 
ser?^  sweet  for  some  time  by  being  buried  in  powdered 
charcoal,  which  is  renewed  daily.  Putrid  water  is  also 
restored  by  the  same  application ;  and  water  may  be 
kept  unchanged  at  sea,  by  perfectly  charring  the  inner 
sur&ce  of  the  casks  which  are  used  to  contain  it.  It 
produces,  also,  a  remarkable  etfect  in  destroying  the 
taste,  odour,  and  colour  of  many  vegetable  and  animal 
substances.  Common  vin^^,  by  being  boiled  on  it, 
is  rendered  perfectly  limpid.  Rum  and  other  varieties 
of  ardent  spirit,  which  ane  distinguished  by  peculiar 
ccdours  and  flavours,  lose  both  by  maceration  with 
powdered  charcoal*  The  colour  of  litmus,  indigo,  and 
pther  pigments,  dissolved  or  suspended  in  water,  is  de* 
stroyed,  aiid,  in  like  manner,  colour  may  be  abstracted 
from  syrups  and  saline  solutions.  Putrid  animal  fluids, 
nuicid  oils,  and  air  contaminated  with  offensive  eflluvia, 
are  also  completely  deprived  of  their  odour.  Ev^n  the 
common  salt  of  Hartshorn  (Carbonate  of  Ammonia), 
which  is  prepared  from  a  liquor  distilled  from  bones, 
and  which  often  requires  great  labour  to  render  it  of 
the  desired  purity,  loses  the  whole  of  its  fcetid  smell 
by  being  mixed  with  chfMTcoal  powder,  and  re-sublimed. 
Such  effects  are  most  certainly  ensured  by  the  use  of 
nitiiiia/ charcoal.  These  properties  render  charcoal  a 
¥ery  important  article  in  Pharmacy  and  Medicine.  Its 
application  to  foul  ulcers  proves  highly  antis^tic,  and 
it  furnishes  the  best  dentifrice  with  which  we  are  ac* 
quainted*  It  has  been  also  recommended  in  certain 
forms  of  dyspepsia,  and  it  appears  to  correct  the  putrid 
eructations  which  so  frequently  attend  depraved  di- 
gestion. 
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466.  Powdered  charcoal  possesses  another  curious 
property  which  has  not  hitherto  received  sufficient  no- 
tice. It  possesses  the  power  of  abstracting  certain 
bodies  from  their  solutions  in  water.  Lime  water,  for 
instance,  may  be  deprived  of  the  greater  portion  of  its 
lime,  by  the  action  of  finely  divided  animal  charcoal.* 
I  have  la:tely  satisfied  myself  that  the  same  efiect  is  pro- 
duced on  a  dilute'solution  of  white  arsenic* 

467.  The  article  known  in  commerce  by  the  name 
of  Lamp'tlack^is  carbon  in  the  state  of  u  light  impal- 
pable powder,  and  is  produced  by  burning  the  refuse  of 
pitch  and  resin  in  peculiar  furnaces,  with  long  flues 
terminating  in  a  close  chamber,  the  ceiling  of  which  is 
covered  with  porous  cloth,  through  which  the  gas  that 
is  disengaged  in  the  process  may  escape  and  the  soot 
be  lefl  behind.  In  drawing  spirits  of  Turpentine  fH>m 
the  crude  Turpentine,  there  is  a  large  residuum  known 
in  commerce  by  the  name  of  Rosin/  and  as  a  conside- 
rable portion  is  often  found  to  be  too  impure  to  sell  as 
rosin,  it  is  profitably  burnt  for  the  production  of  lamp- 
black. 

468.  Charcoal  may  also  be  obtained  from  animal 
substances  burnt  in  close  vessels ;  but  this  differs  from 
that  of  vegetable  origin  in  some  particulars,  especially 
in  its  state  of  aggregation,  and  is  better  adapted  for  the 
purposes  of  decoloration.  Mr.  Parkes  has  given  us  the 
following  directions  for  ascertaining  whether  aify  car- 
bonaceous matter  be  produced  from  •  animal  or  frbm 
vegetable  substances — a  test  which  is  important  to  the 
manufacturing  chemist  who  employs  large  quantities 
of  animal  charcoal  in  the  state  of  powder,  and  which  is 
fi*equently   adulterated  with  vegetable    charcoal,   an 
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article  that  is  not  so  efficacious,  but  is  always  to  be 
obtained  at  a  much  lower  price.  Vegetable  charcoal 
will  bum,  on  a  red  hot  iron,  into  white  ashes,  and  these 
will  be  readily  dissoluble  by  sulphuric  acid  into  a  bit- 
terish liquor ;  whilst  the  ashes  of  animal  substances 
are  very  sparingly  afiected  by  that  acid,  and  form  with 
it  a  compound  having  a  very  different  taste. 

469.  It  has  been  already  shewn  (Exp.'iOy)  that 
charcoal  is  a  bad  conductor  of  heat ;  and  numerous 
are  the  instances  in  which  this  property  might  be  ren- 
dered serviceable,  especially  in  those  processes  of  art 
where  it  is  necessary  to  preserve  for  a  given  time  an 
equable  temperature.  It  has  been  pressed  by  Mr. 
Parkes  to  construct  all  those'  vessels  which  are  heated 
by  steam,  with  treble  instead  of  double  sides  (360)  and 
to  fill  the  intermediate  space  with  ground  charcoal,  by 
which  arrangement  the  heat  would  be  so  prevented 
from  escaping,  that  any  one  particular  temperature 
might  be  kept  up  for  a  great  length  of  time,  and  a  map 
^terial  saving  of  fuel  would  be  accomplished.  Guyton 
Morveau  has  shewn  that  ground  charcoal  will  conduct 
heat  more  slowly  than  even  dry  sand,  and  this  in  the 
proportion  of  three  to  two. 

470.  To  the  Chemist  charcoal  is  of  great  service  in 
deoxidizing  various  bodies,  as  will  be  more  fully  ex- 
plained under  the  history  of  Metals. 

471.  Although  carbon  is  perfectly  insoluble  in  every 
menstruum  with  which  we  are  acquainted,  yet  there 
appears  to  be  a  certain  modification  of  this  body  so- 
luble in  acids,  with  which  it  forms  a  gelatinous  solu- 
tion; such  is  the  carbonaceous  matter  tt)rown  down 
from  alcohol  by  the  action  of  sulphuric  acid,  as  seen 
in  the  distillation  of  ssiher ;  if  this  matter  be  collected 
and  examined,  it  will  be  found  to  have  all  the  essential 
habitudes  of  charcoal,  except  that  it  dissolves  in  acids, 
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«]id  yields  hydrogen  by  heat.  It  is  this  peculiar' fbm 
c^  charcoal  which  gives  to  sulphuric  acid  its  dark  tinge. 
The  subject  is  a  yery  curious  one,  and  does  not  appear 
to  have  hitherto  received  the  attention  it  merita* 

47S.  Carbon  combines  with  oxygen  in  two  diftreni 
proportioniB,  and  gives  origin  to  two  distinct  combina^ 
tions, — Carbonic  acidj  and  Carbonic  oxide^  which  we 
have  next  to  consider. 

Carbonic  Agio. 

47S.  This  gaseous  acid,  which  was  the  first  species 
of  air  discovered,  distinct  from  common  air,  is  formed 
whenever  charcoal,  or  carbonaceous  matter,  is  burnt 
in  air,  or  in  oxygen  gas.  It  is  also  evolved  during 
fermentation ;  by  the  decomposition  of  animal  or  v^e- 
table  substances,  and  from  limestones  by  ignition  or 
the  action  of  acids.  It  is  also  given  off  abundantly 
from  the  lungs  during  the  act  of  respiration ;  and  it 
generally  exists  in  the  alimentary  canal.  It  af^pears, 
moreover,  to  be  transpired  from  the  surface  of  the 
body ;  and  plants  yield  it  in  great  abundance  during 
the  night.  It  exists  likewise  in  the  atmosphere,  and  is 
fi>9quently  found  in  walls  and  caverns,  and  is  known 
to  miners  by  the  name  of  ehoak  damp.f  It  is  a  con- 
stituent principle  of  many  mineral  waters,  to  vriiich  il 
communicates  pungency  and  their  sparkling  quality. 

474.  For  the  purpose  of  experiment,  curbonic  acid 
may  be  procured  by  the  following  process.  Into  a 
gas-bottle,  similar  to  that  employed  for  the  generation 
of  Hydrogen  gas,  (454)  introduce  a  little  powdered 
marble,  or  chalk,  and  pour  over  this  some  sulphuric 
acid  diluted  with  five  or  six  times  its  weight  of  water ; 

t  Tha  word  Vmmp  signifies  Fmpour  in  the  Gennan  langnsge. 
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an  immediate  eTolution  of  carbonic  acid  will   take 
place,  and  may  be  received  in  jars  in  the  usual  man- 
ner*  Or,  where  our  object  is  to  disengage  the  gas  more 
slowly,  it  will  be  preferable  to  pour  muriatic  acid,  di- 
luted with  eight  or  ten  times  its  weight  of  water,  over 
ftngments  of  marble  about  the  size  of  horse  beans. 
Carbonic  acid  may,  also,  be  separated  from  marble  or 
chalk  by  the  mere  application  of  heat.    The  rationale 
of  these  processes  may  be  easily  understood ;  in  the 
ftrst  case,  the  marble  or  chalk,  which  consists  of  car- 
bonic acid  and  lime,  is  decomposed  by  the  stronger 
affinity  of  the  sulphuric  or  muriatic  acid,  for  the  lime, 
with  which  this  latter  body  combines,  to  the  exclusion 
of  the  carbonic  acid  for  which  it  has  a  weaker  attrac- 
tion. *  In  the  latter  case  the  carbonic  acid  is  rendered 
gaseous  by  increase  of  temperature,  and  can  no  longer 
exist  in  union  with  its  earthy  basis.    The  existence  of 
this  gaseous  body  in  Bijixed  state  was  discovered  by 
Dr.  Black,  whence  it  was  cMed  Jixed  aivj  although  it 
is  evident  that  this  term  might  be  applied  with  equal 
propriety  to  every  other  species  of  gas,  since  later  dis- 
coveries have  shewn  that  they  are  all  capable  of  laying 
aside  their  aeriform  condition,  and  of  becoming  fixed 
by  combination. 

475.  The  following  experiments  are  well  calculated 
to  illustrate  the  subject  under  discussion,  and,  from  the 
Very  striking  and  satisfactory  phsenomena  which  they 
exhibit,  should  be  performed  by  every  student. 

Exp.  63.     Into  a  quantity  of  carbonic   acid,  con- 
tained in  a  jar  inverted  over  quicksilver,+  intro- 

-    -  -  -     -  1 

f  Fw  tiie  ptffomMice  of  this  experimeat,  a  mercurial  trough 

m  Bot  absolutely  aeceoary,  a  phial  fillsd  with  quicksilver,  and 
inverted  into  a  saucer,  may  receive  the  carbonic  acid  as  it  is  gen^ 
rated  from  a  small  g;a9-bottIe.  The  muriatic  acid  may  be  after- 
wards blown  into  the  \essel  through  a  glan  syphon. 
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dttce  a  piece  of  recently  burnt  quicklime,  together, 
with  a  Hinall  proportion  of  water.  In  a  few  seccmda, 
we  shall  perceive  the  quicksilver  be^oing  to  lise,. 
in  consequence  of  the  absorption  of  the  gas  ;  aivl 
this  process  will  continue  until  the  whole  of  the 
carbonic  acid  has  disappeared,  and  the  veesel  it 
filled  with  mercury.  This  having  been  accom- 
phshed,  we  may  now  make  the  lime  disgorge  the 
gas,  by  an  Emeticy  if  we  may  be  allowed  the  use 
of  so  technical  an  expressi(»t;  for  this  purpose 
introduce  some  dilute  muriatic  acid,  when  the 
lime  will  be  seen  to  effervesce,  and  the  quick^ver 
to  descend,  until  the  jar  presents  the  same  appear^ 
ance  as  it  did  previous  to  the  experiment. 

476.  Carbonic  acid  gas  is  characterised  by  the  fol- 
lowing properties : — 

1.  It  is  heavier  than  common  air.  If  100  cubic 
inches  of  atmospheric  air  weigh  30*5  grains,  the  same 
bulk  of  carbonic  acid  gas  would  weigh  46'5.  Its 
superior  gravity  may  be  shewn  by  the  following  ex- 
periments. 

Exp,  64.    Let  a  glass  tube,  proceed- 
ing from  a  Florence  flask,  con- 
taining marble  and  dilute  sul- 
phuric acid,  be  twice  bent  at 
right  angles ;  and  let  the  open 
end  of  the  longer  leg  reach  the 
bottom  of  a  glass  jar,  perfectly 
dry  within,  and  standing  with  its  mouth  upper- 
most,  as  represented  in  the  annexed  cut.     The 
carbonic  acid  will  expel  the  common  air  from  (he 
jar,  and  take  its  place,  because  it  is  heavier,  just 
as  water  will,  when  poured  into  a  vessel  contain- 
ing nothing  but  atr.     When  the  jar  is  thus  filled 
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ivith  the  gas,  (which  may  be  known  by  a  lighted 
taper  being  instantly  extinguished  in  it,  when 
plnnged  a  little  below  the  brim)  take  another  jar 
of  rather  a  smaller  size,  and  place  at  the  bottom  of 
it  a  lighted  taper,  and  pour  the  invisible  contents 
of  the  former  into  the  latter,  as  if  you  were  pour- 
ing water,  the  candle  will  be  instantly  extinguish- 
ed, although  the  eye  is  incieipable  of  perceiving 
any  thing  poured  upon  it  capable  of  producing 
such  an  effect. 

In  consequence  of  this  superior  gravity  of  carbonic 
acid  gas,  it  is  often  found  at  the  bottom  of  grottos,  of 
deep  wells,  and  of  mines,  the  upper  part  of  which  is 
entirely  free  from  it.  In  the  grotto  del  cane,  near 
Naples,  so  called  from  its  air  proving  so  destructive  to 
dogs,  has  long  been  famous  for  the  quantity  of  carbonic 
acid  produced  in  it,  which  runs  out  at  the  opening  like 
a  stream  of  water,  and  kills  any  small  quadruped  that 
enters  it,  whilst  man,  from  his  greater  height  may  pass 
through  it  with  impunity. 

2.  It  extinguishes  Jlame.  This  has  been  already 
shewn  by  experiment  64. 

3.  It  is  Jbtal  to  animals.  If  we  intoduce  a  mouse, 
or  other  small  animal,  into  a  vessel  of  the  gas,  and 
cover  it,  so  as  to  exclude  the  access  of  common  air, 
the  animal  will  die  in  the  course  of  a  minute  or  two. 
Its  fatal  effects  upon  roan  has  been  illustrated  by  nu* 
roerous  examples ;  miners  and  well-diggers  constantly 
fall  a  sacrifice  to  its  power.  According  to  the  ex- 
periments of  Sir  H.  Davy,  it  would  appear  to  act^ 
when  undiluted  with  common  air,  by  closing  the  glottis 
spasmodically,  and  thus  preventing  the  ingress  of  the 
atmosphere ;  when  diluted,  however,  in  the  proportion 
of  th^e  parts  to  seven  of  common  air  it  is  respirable. 
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and  appears  to  produce  narcotic  cflects.  I  am  strongly 
inclined  to  believe  that  a  mixture  still  more  dilute, 
nught  be  adyantageously  respired  in  many  diseases; 
for  which  purpose  the  air  of  the  apartment  should  be 
impregnated  with  it.  In  all  those  cases  in  which  it 
has  been  ^cidentally  breathed,  the  persons  have  ex- 
pressed a  delightful  feeling  of  tranquillity,  with  a  power* 
fill  inclination  to  sleep.  This  e£fect  is  even,  in  some 
degree,  produced  when  the  gas  is  taken  into  the 
stomach;  the  exhilarating  influence  of  beverages 
containing  it  is  well  known. 

4.  //  is  highfy  antiseptic^  and  retards  the  putrefac- 
tion of  animal  substances.  This  may  be  easily  proved, 
by  suspending  two  equal  pieces  of  fresh  meat,  the  one 
in  common  air,  the  other  in  carbonic  acid  gas,  or  in  a 
small  vessel  through  which  a  stream  of  carbonic  acid  is 
constantly  passing.  The  latter  will  be  preserved  un- 
tainted some  time  afler  the  other  has  become  putrid. 
This  property  of  carbonic  acid  is  frequently  rendered 
serviceable  in  medicine ;  the  Yeast  Poultice  owes  its 
antiseptic  property  to  the  gas  which  it  evolves ;  and  it 
has  been  stated  that  fevers  are  less  infectious  in  the 
vicinity  of  lime-kilns. 

6.  It  is  readily  absorbed  by  water.  This  fact  may 
be  easily  shewn  by  the  following  experiment. 

Exp.  65.  FiU  a  phial  with  water,  and  then  displaoe 
about  half  its  contents,  by  throwing  up  the  gas; 
if  the  finger  be  now  pressed  close  against  the 
mouth,  and  the  phial  be  at  the  same  time  shaken 
violently,  so  much  of  the  gas  will  be  absorbed  as 
to  produce  nearly  a  vacuum  vrithin,  which  will  be 
ascertained  by  the  strong  external  pressure  of  the 
atmosphere  on  the  finger  that  diuts  the  communi* 
cation. 
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In  ikis  tnanner  water  may  be  charged  with  rather 
more  than  its  own  bulk  of  carbonic  acid  gas ;  and  il 
acquires,  when  thus  saturated,  a  very  brisk  and  plea-> 
Sant  taste.  This  impregnation  is  most  commodiously 
effected  by  an  apparatus  known  the  name  of  NootVi 

machine  J  and  of  which  the  student  is  here 
presented  with  a  sketch.  It  consists  of 
three  principal  pieces ;  a  lower  piece  a ; 
a  middle  piece  c;  and  an  upper  piece 
d^  terminating  in  a  curved  tube.  The 
substances  from  which  the  gas  is  to  be 
extricated  are  introduced  into  the  lower 
compartment;  the  middle  part  is  filled 
with  the  fluid  with  which  the  gas  is  to  be 
combined,  and  the  upper  piece  is  left 
empty.  As  soon  as  a  sufficient  quantity 
of  gas  is  formed  to  overcome  the  pressure^ 
it  passes  through  the  valve,  and  rises  through  the 
fluid  to  the  upper  part  of  the  middle  piece.  At  the 
same  time  it  forces  a  quantity  of  fluid  into  the  upper 
piece  through  its  lower  aperture.  As  soon  as  so  much 
of  the  fluid  has  been  thus  forced  from  the  middle 
part  as  to  bring  its  surface  down  to  the  level  of  the 
lower  aperture  of  the  upper  piece,  a  portion  of  gas 
cfloapes  into  the  latter,  and  the  fluid  rises  in  the  former. 
The  upper  piece  is  furnished  with  a  conical  stof^r, 
which  yields,  and  permits  the  escape  of  a  portion  of 
gas,  aa  sooti  as  its  pressure  becomes  considemble.  b  is 
a  glass  cock  for  drawing  off  the  fluid.  The  influence  of 
pressure,  in  occasioning  water  to  absorb  a  larger  quan- 
tity of  carbonic  acid,  has  been  very  successfully  inves- 
tigated by  Dr.  Henry,f  who  has  deduced  as  a  general 
law,  that  water  takes  op  the  same  volume  of  compressed 
carbonic  acid  gas,  as  of  gas  under  ordinary  pressure. 

f  Phil.  TnuB.  for  180S. 
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And  since  the  spac^  occupied  by  any  gas  is  .inversely 
as  the  compressing  force,  it  follows  that  the  quantity 
of  gas,  forded  into  water,  is  directly,  as  the  {»essure. 
Thus,  if  water  under  common  circumstances  take  up  an 
equal  bulk  of  carbonic  acid;  under  the  pressure  of  two 
atmospheres t  it  will  absorb  twice  its  bulk;  under  three 
atmospheres  three  times  its  bulk,  and  so  on.  The 
carbonic  acid,  thus  dissolved  in  water,  is  again  set  at 
liberty,  on  boiling  the  water,  or  by  exposing  it  under 
the  receiver  of  an  air-pump,  when  the  gas  will  escape 
with  such  rapidity  as  to  present  the  appearance  of 
ebullition.  The  same  result  is  produced  by  freezing, 
and  the  ice  formed  under  such  circumstances  presents 
the  appearance  of  snow,  in  consequence  of  the  increase 
of  Its  bulk  from  an  immense  number  of  air  bubbles. 

6.  It  possesses  the  characters  and  habitudes  of  an 
aeid*  Its  taste,  for  instance,  is  acidulous ;  it  combines 
with  alkaline  and  earthy  bodies,  and  forms  salts ;  and 
it  reddens  v^^etable  blue  colours.  This  latter  fiict  may 
be  shewn  by  dipping  into  water,  thus  impregnated,  a 
piece  of  Litmus  paper;  or  by  mixing  with  a  portion  of 
it,  about  an  equal  bulk  of  the  infusion  of  that  vegetable 
substance. 

7.  It  precipitates  lAtne  W€tter.  In  other  words^  it 
converts  the  lime  which  is  soluble,  into  the  carbonate 
of  lime  which  is  insoluble  in  water.  This  fact  affords 
a  ready  test  of  the  presence  of  carbonic  acid  whenever 
it  is  suspected,  as  we  shall  hereafter  have  occasion  to 
demonstrate. 


t  Chemists  and  medumical  philosophers  always  use  this  mode 
of  expressing  de^ees  of  compression,  if  we  take  the  pressure  of 
the  atmosphere,  as  unity,  which  is  estimated  as  amoiuittng  to  15 
pounds  upon  every  square  inch,  we  can  easily  deduce  the  depree 
of  pressure  of  any  number  of  such  atmospheres. 
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JSj^Pf  66* — ^Introduce  a  few  bubbleis  of  carbonic  acid 
into  transparent  lime-water,  the  fluid  will  instantly 
become  milky. 

By  an  excess  of  carbonic  acid,  however,  the  carbo* 
Hate  of  lime  is  rendered  soluble,  as  may  be  readily 
shewn  by  an  extension  of  the  preceding  experiment, 
viz. 

JEjcp.  67. — ^Let  a  stream  of  carbonic  acid  gas  be  intro- 
duced into  lime-water;  after  a  short  time,  the 
milkiness  which  was  first  produced  will  disappear, 
and  the  liquid  will  recover  its  original  trans* 
parency. 

8*  By  powerful  compression^  Carbonic  acid  is  con* 
densed  into  a  Liquid,  For  this  interesting  discovery 
we  are  indebted  to  Mr.  Faraday,  who  succeeded  in 
•condensing  many  of  those  gases  which  had  been  long 
considered  permanently  elastic,  by  experiments  so 
simfde,  that  the  repetition  of  them  may  be  accom- 
plished by  the  youngest  student. 

Exp.  68.*^Takeaglass  tube  of  six  inches  in  length, 
and  bend  it,  at  an  obtuse  angle,  about  two  inches 
from  its  extremity;   hermetically  seal  its 
shorter  end,  and  pour  in,  through  a  small 
funnel,  a  portion  of  concentrated  sulphuric 
acid,  so  as  nearly  to  fill  the  short  leg  with- 
out soiling  the  long  one;  then  introduce 
small  fragments  of  carbonate  of  ammonia, 
so  as  nearly  to  fill  the  tube,  taking  care  to 
prevent  any  communication  between  the  salt  and 
the  acid.    The  longer  end  must  now  be  carefully 
closed.    The  tube  having  been  thus  sealed,  the 
sulphuric  acid  is  to  be  made  to  run  on  to  the  car- 
bonate of  ammonia,  when  carbonic  acid  will  be 
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immediately  e^oWed^  and  after  some  lime,  the 
accumulating  pressure  will  eflfect  its  coBdensatioo, 
and  it  may  be  seen  floating  upon  the  other  con- 
;tent8  of  the  tube.  During  the  progress  of.  this 
experiment  the  longer  leg  of  the  tube  should  be 
plunged  in  ice.  It  is  a  limpid  colourless  body, 
and  extremely  fluid.  It  distills  readily  and  rapidly 
at  the  difierence  of  temperature  between  38^  and 
0  Fah.  Its  refractive  power  is  much  less  than  that 
of  water.  By  inclosing  a  gage  in  a  tube  in  which 
carbonic  acid  was  afterwards  produced,  it  wa& 
found  that  its  vapour  exerted  a  pressure  of  39 
atmospheres  at  a  temperature  of  SS.  In  conduc- 
ting this  process  great  precaution  is  necessary;  the 
glass  tubes  employed  should  also  be.  strong..  Mtu 
Faraday  found  that  tubes  which  had  held  fluid 
carbonic  acid  for  two  or  three  weeks  together, 
spontaneously  exploded  with  great  violence,  upoA 
some  slight  increase  in  the  warmth  of  the  weather* 
In  endeavouring  to  opexL  the  tubes  at  one  oid^ 
they  uniformly  burst  into  fragments,  with  power- 
ftil  explosions.  At  present  we  are  scarcely  able  to 
appreciate  the  extent  and  importance  of  the  &ct 
thus  disclosed ;  there  can,  however,  be  little  doubt 
but  that  it  will  lead  to  the  explanation  of  many 
natural  phenomena,  as  well  as  to  the  invention 
and  improvement  of  several  processes  of  art. 

477*  For  a  knowledge  of  the  chemical  nature  of 
carbonic  acid  we  are  indebted  to  Lavoisier,  The  fol- 
lowing experiment  will  afibrd  a  synthetical  propf  of  its 
composition. 

Exp.  69. — ^Into  a  bottle  containing  oxygen  gas,  in- 
troduce a  piece  of  ignited  charcoal ;  it  will  imme- 
diately bum  vrith  increased  splendor,  and  throw 
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out  Bcintillating  sparks  in  great  abundance.  After 
the  operation  is  over,  and  the  vessel  has  cooled, 
if  it  be  opened  under  the  surface  of  water,  we 
shall  find  that  the  air  has  not  disappeared,  but 
that  it  has  completely  changed  its  nature.  It  hasr 
been  converted  into  carbonic  acid.  This  may  be 
shewn  by  the  introduction  of  lime-water  which  is 
instantly  rendered  turbid;  or,  by  the  change  of 
colour  produced  by  it  on  Litmus. 

476.  This  experiment  at  once  explains  the  cause  of 
the  deleterious  nature  of  the  fumes  of  charcoal. 

479.  In  addition  to  the  proof  of  the  constitution  of 
carbonic  acid^  derived  from  its  synthesis,  we  have  also 
equally  satisfactory  evidence  from  its  analysis  which 
may  be  efiected  by  several  processes.  For  the  first  of 
the  following  experiments  we  are  indebted  to  Mr. 
Tennant,  for  the  last,  to  Sir  H.  Davy. 

Exp.  70. — ^Provide  a  tube  of  very  thin  glass,  about 
one-third  of  an  inch  wide,  and  18  or  SO  inches 
long,  sealed  at  one  end.  Coat  it,  within  about  an 
inch  of  the  sealed  extremity,  with  a  lute  of  sand 
and  clay;  and  when  this  is  dry,  put  into  it  as 
much  purified  phosphorus,  in  small  pieces,  as  will 
fill  the  uncoated  part.  Then  cover  the  phospho- 
rus vnth  carbonate  of  lime.  Let  the  part  of  the 
tube,  which  contains  the  carbonate,  be  made  red- 
hot  by  means  of  a  portable  furnace,  or  chaffing 
dish ;  and,  at  this  moment,  apply  heat  to  the  part 
containing  the  phosphorus,  sufficient  to  melt  and 
raise  it  into  vapour.  The  vapour  of  the  phospho- 
rus, comincf  into  contact  with  the  red-hot  car- 
bonate,  will  decompose  the  carbonic  acid;  and 
charcoal  will  be  found  in  the  residue  of  the  pro- 
cess, in  the  form  of  a  very  light  and  black  powder. 

t2 
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In  this  experiment  the  carbonate  of  lime  must  un« 
dergo  two  disuniting  processes  before  the  charcoal  can 
be  procured,  viz.  the  carbonic  acid  must  be  separated 
from  the  lime  to  which  it  has  a  certiun  affinity,  and  also 
the  oxygen  of  the  carbonic  acid  must  be  separated  from 
the  carbon  which  is  its  base.  This  is  efifected  by  the 
affinity  of  one  part  of  the  phosphorus  for  the  oxygen 
of  the  carbonic  acid,  and  by  that  of  the  other  for  the 
lime  forming  the  phosphuret  of  lime. 

Eji^p.  71. — In  a  glass  retort,  filled  with  carbonic 
acid,  heat  a  piece  of  the  metal  called  Potassium ; 
it  soon  takes  fire  and  bums  with  a  red  light,  and 
charcoal  in  fine  powder  will  be  deposited;  upon 
examination  the  gas  will  have  disappeared,  and 
oxygen  found  added  to  the  potassium. 

480.  According  to  the  latest  atomic  researches  into 
the  composition  of  carbonic  acid,  it  appears  to  consist 
of  two  atoms  of  oxygen  (8-|-8)  and  one  of  carbon  (6), 
its  representative  number,  or  atomic  weight  will  there- 
fore be  22. 

Caqbonic  Oxide« 

'481.  By  the  distillation  of  zinc  filings  with  chalk, 
we  obtain  a  gaseous  compound  of  carbon  and  oxygen, 
in  which  an  atom  of  each  exists  in  combination ;  its 
representative  number  is  accordingly  (8-|-6)  14.  It 
possesses  none  of  the  essential  characters  of  carbonic 
acid ;  it  is  lighter  than  common  air,  and  its  base  so  far 
predominates  as  to  confer  upon  it  the  property  of  in- 
flammability. It  is  extremely  noxious  to  animals ;  and 
fatal  to  them  if  confined  in  it.  When  respired  for  & 
few  minutes  it  produces  giddiness  and  fainting. 
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Carburetted  Hydrogen  Gas. 

48S*  Hydrogen  and  carbon  unite  io  two  different 
propoitions,  giving  rise  to  two  distinct  and  well  charac- 
terised compounds.  The  first  of  these,  consisting  of 
one  atom  of  charcoal,  and  two  atoms  of  hydrogen 
(6-)- 2  =  8),  is  simply  called  Carburetied  Ifydrogen 
gas.  It  has  been  also  distinguished  by  the  names  of 
Heavy  Inflammable  Air ;  Gas  of  Marshes ;  Hydro* 
carburet  I  &c. 

483.  It  may  be  obtained,  mixed  however  with 
about  -sV  of  carbonic  acid  and  ^y  or  -^  of  azote,  by 
stirring  the  bottom  of  almost  any  stagnant  pool  of 
water,  especially  if  formed  of  clay.  When  this  is  done 
by  an  assistant,  the  gas  is  copiously  disengaged  in  bub- 
bles, which  may  be  received  in  the^  usual  manner. 
It  should  be  washed,  when  collected,  with  lime  water. 
This  gas  exists  also  as  an  ingredient  in  the  coal  gas, 
used  for  the  purposes  of  illumination,  frx>m  which  it 
may  be  easily  separated. 

484.  It  bums  with  a  bright  yellowish  flame.  It  has 
no  taste,  and  but  little  odour.  Its  specific  gravity,  in 
its  purest  form,  is  to  that  of  hydrogen  as  rather  less 
than  8  to  If     100  cubic  inches  vyeigh  about  17  grains^ 


Bi-Carburetted  Hydrogen  Gas. 

485.  This  gas,  as  its  name  imports,  contains  a  dou* 
ble  propoition  of  carbon.  It  consists  of  one  atom  of 
carbon  and  one  atom  of  hydrogen ;  its  atomic  weight, 
or  representative  number  is  therefore  (6-1-1)  7. 

486.  For  the  purposes  of  experiment  it  may  be  ob* 
tained  by  distilling  in  a  glass  retort,  with  a  gentle  heat, 
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three  measures  of  concentrated  sulphuric  acid,  and  one 
measure  of  alcohol.  The  mixture  soon  assumes  a  black 
c6lour  from  a  carbonaceous  deposit  (471),  and  thick 
consistence,  and  a  gas  is  disengaged  which  may  be  col- 
lected over  water,  and  freed  from  carbonic  acid  by 
washing  it  with  liquid  potass. 

487.  When  kindled  it  bums  with  a  beautiful  white 
flame  of  intense  splendor.  Its  specific  gravity  is  to  that 
of  hydrogen  nearly  as  13  to  1 ;  100  cubic  inches  of  it 
weigh  between  29  and  SO  grains.  The  most  remark* 
able  character  of  this  body  is  its  action  on  a  certain 
gas  to  be  hereafter  described,  called  Chlorine.  When 
mixed  with  an  equal  volume  of  it,  a  mutual  condensa- 
tion takes  place,  and  a  peculiar  fluid  is  formed,  which 
has  been  supposed  to  be  an  oil ;  but  which  is  a  pecU'^ 
liar  compoundy  not  soluble  in  water,  and  composed  of 
hydrogen,  carbon,  and  chlorine.*  In  consequence  of 
the  effect  thus  produced  Bi-carburetted  Hydrogen  has 
been  long  known  by  the  name  of  Olefiant  Gas. 

488.  Carburetted  hydrogen  gas  is  particularly  fatal 
to  animal  life.  Dr.  Beddoes  made  many  experiments 
upon  the  subject,  from  which  it  would  seem  to  destroy 
life  by  rendering  the  muscular  fibre  iuirritable  without 
producing  any  previous  excitement.  In  order  to  decide 
this  question.  Sir  H.  Davy  ventured  to  take  three  in- 
spirations  of  the  gas  produced  from  the  decomposition 
of  water  by  charcoal,  and  he  very  nearly  lost  his  life 
in  the  attempt. 

489.  The  infinite  variety  of  inflammable  gases  pro- 
duced by  the  exposure  of  moistened  charcoal,  of  alco- 
hol, or  sether,  of  oil,  tallow,  wax,  or  coal,  to  a  heat  a 
little  above  ignition,  and  which  have  been  regarded  as 

*  In  s«me  respects  this  compound  resembles  ether,  and  Dr. 
Thomson  has  accordingly  given  it  the  name  of  Ckhrie  JBtk€r» 
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indefimte  compounds  of  carbon  and  hydrogen,  are  now 
▼erj  satisfactorily  shewn  by  Dr.  Henry  to  be  merely 
mixtures  of  the  carburetted  and  bi«>carburetted  hydro* 
^n^  with  occasionally  a  proportion  of  carbonic  oxide. 


THE  ATMOSPHERE. 

490.  The  Atmosphere  may  be  defined  an  airy  oceah 
surrounding  the  globe  to  an  altitude  of  from  40  to  46 
miles ;  producing  by  its  pressure  various  mechanical, 
and  by  its  chemical  composition,  diflerent  chemical 
eflfects.  It  will  necessarily  contain  all  those  substances 
which  are  capable  of  existing  in  the  aeriform  state,  at 
the  medium  temperature  of  the  globe,  and  which  are 
disengaged  with  greater  or  less  abundance  at  its  surface. 
These  bodies,  however,  are  to  be  considered  as  merely 
adventitious;  they  rarely  exist  in  any  considerable  pro* 
portion,  are  only  occasionally  produced,  and  are  very 
quickly  removed  by  various  natural  processes.  In  some 
cases,  they  are  not  even  discetnible  by  the  nicest  che- 
mical tests,  and  their  presence  is  only  inferred  from 
their  effects  upon  animal  life.  It  is  to  the  permanently 
elastic  fluid,  which  constitutes  the  great  body  of  the 
atmosphere,  that  we  assign  the  name  o£  Atm^spherie 
Aity  and  which  Chemistry  has  shewn  to  possess  a  uni- 
form composition,  at  whatever  altitude  it  may  have 
been  collected,  or  in  whatever  quarter  of  the  globe, 
whether  in  cities,  or  in  the  country,  on  sea  or  on  land. 

491.  To  the  Physiologist,  as  well  as  the  Chemist, 
its  mechanical  properties  are  not  less  interesting  than 
those  which  relate  to  its  composition.  Many  of  the 
functions  of  the  living  body  are  modified  by  their  influ- 
ence, and  admit  of  elucidation  from  the  doctrines  of 
Pneumatics.    If  ignorant  of  the  air's  pressure  and  elas« 
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ticity,  we  shall  be  unable  to  comprehend  the  mechanism 
of  respiration,  and  the  effects  produced  on  it  by  changes 
of  altitude;  nor  could  the  Chemist  understand  the 
theory  of  those  operations  by  which  he  is  enabled  to 
collect  and  transfer  gases,  without  a  knowledge  of  the 
mechanical  properties  of  air, 

49S.  Atmospheric  air,  although  invisible,  is  material, 
and  partakes  of  all  the  common  properties  of  matter, 
for  it  occupies  space,  attracts  and  is  attracted,  and 
consequently  has  weight.  It  likewise  purtakes^  of  th? 
nature  of  a  fluid,  for  it  adapts  itself  to  the  form  of  the 
vessel  in  which  it  is  contained,  and  presses  equally  tv 
all  directions. 

493.  Since  air  has  weight,  and  every  thing  upon  the 
Earth  is  surrounded  and  enveloped  by  it,  it  follows  that 
all  animate  and  inanimate  bodies  must  be  subject  to  iu 
pressure,  which  will  be  exerted  not  only  upon  them, 
but  upon  itself;  and  since  air  is  elastic,  or  capable  of 
yielding  to  pressure,  so  of  course  the  lower  part  of  the 
atmosphere  will  be  more  dense,  or  in  a  greater  state  of 
compression,  than  that  which  is  fibove  it.  To  render 
this  proposition  more  intelligible,  let  us  suppose  that 
the  whole  weight  of  the  atmosphere  is  divided  into  lOU 
parts,  and  that  each  of  these  may  weigh  an  ounce,  then 
the  Earth  and  all  things  upon  its  surface  will  be  pressed 
with  the  whole  100  ounces ;  the  lowest- stratum  will  be 
pressed  by  the  99  ounces  above  it;  the  next  by  98,  and 
so  on,  until  we  arrive  at  the  99th  stratum  from  the  bot- 
tom, which  will  of  course  be  subject  to  no  more  than 
one  ounce  of  pressure,  or  the  weight  of  the  last  or 
highest  stratum.  It  is  evident  therefore  that,  as  a  body 
ascends,  the  pressure  will  be  diminished,  while  the  air, 
for  ttie  some  reason,  will  become  more  and  more  rare, 
until  it  passes  uito  a  state  of  inconceivable  tenuity. 
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^his  rarefaction,  however,  is  not  indefinite,t  for  it  must 
cease  as  soon  as  the  force  of  gravity  downwards,  upon 
a  single  particle,  becomes  equal  to  the  resistance  arising 
from  the  repulsive  force  of  the  medium.  This  simple 
statement  will  at  once  explain  all  the  feelings  expe- 
rienced by  persons  who  have  ascended  into  the  atmos* 
phere;  while  the  relations  which  have  been  already 
stated  to  exist  between  rarefaction  and  temperature 
vnll  account  for  the  cold  experienced  in  lofly  i*egions. 

494!  The  pressure  of  the  atmosphere  at  the  level 
of  the  ocean  is  adequate  to  sustain  a  column  of  water 
having  the  altitude  of  35  feet,  or  one  of  mercury  of  the 
height  of  SO  inches,  which  is  about  equal  to  15  pounds, 
avoirdupoise,  on  every  square  inch  of  surface,  so  that 
the  body  of  a  man  of  ordinary  stature  sustains  a  pres- 
sure of  334,000  lbs. ;  yet,  since  the  spring  .of  the  air 
contained  within  the  body  exactly  balances,  or  coun« 
teracts  the  pressure  from  without,  he  is  perfectly  insen- 
sible of  the  existence  of  any  pressure  at  all*  The 
spring  and  pressure  virill  thus  in  all  cases  balance  each 
other,  except  the  communication  be  cut  off,  and  the 
natural  equilibrium  destroyed  by  some  disturbing  cause. 
This  is  effected  by  an  instrument  termed  the  Air  Pump^ 
of  which  we  avail  ourselves  for  the  demonstration  of 
those  views,  which  must  otherwise  have  remained  purely 
theoretical.  By  means  of  this  machine  the  air  may  be 
tdcen  from  the  interior  of  vessels,  when  the  effects  of 
the  external  and  undisturbed  air  will  immediately  dis* 
play  themselves. 

405.  The  air  of  our  atmosphere,  besides  small  pro* 
portions  of  aqueous  vapour,  and  carbonic  acid,  con- 
gists  of  two  different  gases,  viz.  Oxygen^  which  has 
been  already  considered  (441),  and  which  appears  to 

■       II  .■.■■-■—       lllllll^  Mil  ■■  .  , 

f  Farther  proofs  of  thisJact  bave  b«en  staled  at  pa^e  17,  n»le. 
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be  the.  principal  ingredient  on  which  the  chemical  e& 
fects  of  the  air  depend,  and  AzotCy  a  gas  which  it  wiU 
be  here  necessary  to  introduce  to  the  notice  of  the 
student,  before  we  can  proceed  any  farther  with  the 
history  of  the  atmosphere* 


Azote,  or  Nitbogen. 

496.  This  gaseous  element  was  discovered  by  Dr. 
Rutherford  in  1773.  It  constitutes  four-fifths  of  the 
atmosphere,  and  exists  in  combination  mth  various 
bodies  to  be  hereafter  described.  It  enters  largely  into 
the  organization  of  animal  bodies,  and  is  occasionally 
present  in  vegetables,  to  which  it  imparts  a  peculiar 
character.  In  consequence  of  its  unfitness  for  support- 
ing animal  life,  Lavoisier  gave  it  a  name,  derived  from 
the  Greek  primitive  a  notiy  and  Z«m  vita.  This,  how- 
ever, as  being  merely  a  negative  property,  has  since 
been  deemed  an  improper  foundation  for  its  nomencla- 
ture ;  and  the  term  Nitrogen  Gas  has  been  substituted, 
because  one  of  the  most  important  properties  of  its  base 
is,  that  by  union  vrith  oxygen  it  composes  Nitric  Acid. 

497.  It  may  be  easily  procured  by  extracting  oxygen 
from  common  air.  If  for  instance  mercury  be  heated 
in  contact  with  a  certain  portion  of  atmospheric  air, 
it  will  combine  with  the  oxygen,  and  the  residue  will 
be  the  gas  under  consideration;  or,  if  phosphorus 
be  inflamed  in  a  tube  half  filled  with  air,  an  elastic 
fluid  will  remain  after  the  combustion,  which  will  be 
found  to  be  nearly  pure  Azote.  This  gas  may  be  also 
obtained  by  dissolving  animal  matters,  such  as  glue  or 
muscular  fibre,  in  diluted  aquafortisy  or  fuming  nitrous 
acid  mixed  with  ten  or  twelve  times  its  weight  of  water, 
and  subjecting  the  mixture  to  a  heat  of  about  100^, 
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when  the  gas  will  be  disengaged,  and  may  be  collected 
over  water. 

498.  The  properties  which  distinguish  this  gas  are 
all  of  a  negative  kind.  It  will  neither  support  com- 
bustion, nor  animal  life.  It  is  rather  lighter  than  at* 
mospheric  air;  100  cubic  inches,  according  to  Sir  H, 
Davy,  weighing  89*6  grains. 


Chemical  Composition  of  Atmospheric  Aib. 

499*  That  the  air  consists  of  oxygen  and  azote  in 
the  proportion  of  81  of  the  former  and  79  of  the  latter, 
by  measure,  admits  of  a  synthetic  as  well  a?  analytic 
proof,  for  if  we  mix  these  two  gases  in  the  proportions 
above  stated  we  shall  produce  a  mixture  resembling 
atmospheric  air  in  all  its  properties.  Of  this  any  one 
may  be  satisfied,  by  mixing  four  parts  of  a^tic  gas 
with  one  of  oxygen  gas,  and  immersing,  in  the  mixture, 
a  lighted  taper,  which  will  burn  as  in  common  air. 

fiOO.    As  the  most  accurate  experiments  have  proved 
that  no  appreciable  difierence  exists  between  the  pro- 
portions  of  oxygen  and  azote  in  the  atmosphere  of  dif- 
ferent places,  it  is  evident  that  the  purity  and  salubrity 
of  air  must  depend  on  some  other  circumstances  than 
the  proportion  of  these  its  chief  ingredients.     It  is  also 
evident  that,  as  the  oxygen  of  the  air  is  constantly  con- 
sumed by  combustion,  re^iration,  and  various  other 
operations,  there  must  be  some  processes  in  Nature,  by 
which  a  quantity  of  oxygen  is  produced  equal  to  that 
consumed.    One  principal  cause  of  this  renovation  ap- 
pears to  be  in  the  process  of  vegetation ;  healthy  plants 
exposed  in  the  sunshine  to  air,  containing  small  quan- 
tities of  carbonic  acid  gas,  destroy  that  elastic  fluid  and 
evolve  oxygen  gas;  so  that  the  two  great  classes  of 
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organized  beings  are  thus  dependent  upon  each  other. 
Carbonic  acid  gas,  which  is  formed  in  many  processes 
of  combustion,  as  well  as  in  respiration,  if  not  removed 
from  air,  by  its  excess  would  be  deleterious  to  animals, 
but  it  is  a  healthy  food  of  vegetables*;  and  vegetables 
produce  oxygen  which  is  necessary  to  the  existence  of 
animals,  and  thus  is  the  ceconomy  of  Nature  preserved 
by  the  very  functions  to  which  it  is  subservient* 

501.  It  may  seem  extraordinary  that  the  gases  of 
which  the  atmosphere  is  composed  should  be  found  so 
uniformly  intermixed.  It  might  be  supposed  that  they 
would  separate,  each  according  to  its  specific  gravity. 
Such  an  efifect,  however,  is  obviated  by  a  universal  law 
to  which  all  gaseous  bodies  appear  subservient.  It  has 
been  shewn  by  Mr.  Dalton,  and  M.  BerthoUet,  that 
difierent  elastic  fluids  have  a  tendency  to  rapid  equable 
mixture,  even  when  at  rest,  and  exposed  to  each  other 
on  small  surfaces  only ;  and  the  mixture  of  the  parts 
of  the  atmosphere  is  constantly  assisted  by  winds,  by 
currents  of  air,  and  by  all  the  motions  taking  place  on 
the  surface  of  the  Earth.  This  explanation  will  super- 
eede  the  necessity  of  regarding  atmospheric  air  as  a 
chemical  compound,  and  that  its  constituents  are  held 
together  by  affinity,  a  theory  which  is  encumbered  with 
many  difiiculties. 

503.  In  addition  to  the  two  principal  ingredients 
of  Atmospheric  air,  Oxt/gen  and  Azote j  there  is  ano- 
ther, existing  in  a  very  small  proportion,  but  which 
from  its  constancy  and  uniformity  cannot  be  regarded 
as  adventitious.  This  is  Carbonic  acid,  which  has  not 
only  been  discovered  in  air  at  ordinary  heights,  but 
was  ascertained  by  Saussure  to  exist  in  the  atmosphere 
of  Mont  Blanc,  nearly  16,000  feet  above  the  level  of 
the  sea,  and  was  found  by  Humboldt  in  air  brought 
^own  by  Garnerin,  the  celebrated  aerpnaut,  from  the 
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lieight  of  several  thousand  feet;  The  proportion  is  es«i 
timated  by  Mr.  Dalton  not  to  exceed  i-^vth,  or  TrWth 
of  it^  bulk,  and  the  experiments  of  Saussure,  junior, 
make  it  still  less.  It  has  been  also  discovered  to  be 
more  abundant  in  summer  than  winter.  Its  presence 
in  the  atmosphere  at  all  seasons  and  places  is  demon- 
strated by  leaving  a  shallow  vessel  of  lime-water  ex- 
posed to  the  atmosphere,  when  its  surface  is  soon 
covered  with  a  solid  pellicle,  which,  when  removed,  is 
succeeded  by  €inother,  and  so  on,  till  the  water  is  de- 
prived of  almost  all  the  lime  which  it  held  in  solution. 
From  the  precipitate,  thus  formed,  carbonic  acid  is 
disengaged  by  dilute  acids. 

503.  There  have  been  several  substances  proposed 
for  ascertaining  with  facility  the  quantity  of  oxygen  in 
air ;  they  have  been  called  Eudiometrical  substances ; 
and  the  instruments  in  which  they  have  been  employed 
are  named  Eudiometers.  The  value  of  such  in- 
vestigations must  be  obvious,  when  it  is  considered 
how  important  an  influence  the  purity  of  the  air  we 
breathe  exerts  upon  the  animal  oeconomy.  Every  me- 
dical practitioner  ought  to  possess  a  sufficient  degree 
of  chemical  knowledge  to  conduct  such  enquiries. 
What  an  accession  of  valuable  information  might  we 
have  possessed,  had  the  Navy  Surgeon  included  in  his 
reports,  the  state  of  the  air  in  different  parts  of  the 
ship,  during  the  prevalence  of  various  epidemics  ? 

504.  For  the  purpose  of  Eudiometry  various  pro- 
cesses have  been  recommended.  If,  for  in'stance,  a 
stick  of  phosphorus  be  co;i(ined  in  a  portion  of  atmos- 
pheric air,  it  will  slowly  absorb  the  oxygen  present, 
without  any  visible  combustion ;  and  in  six  or  eight 
hours  its  effect  is  completed.  The  residuary  azotic  gas 
has  its  bulk  enlarged  about  -^^ih^  by  absorbing  a  little 
phosphorus ;  and  for  this,  allowance  must  be  made  in 
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measuring  the  diminution.  Seguin,  with  the  same 
yiew,  recommended  the  rapid  combustion  of  phospho- 
rus.   For  this  purpose  a  small  piece  of  phosphorus  may 

be  introduced  into  the  bulb  of  the  tube 
a,  containing  a  given  measure  of  the  air 
to  be  examined,  confined  over  mercury, 
which,  to  prevent  loss  by  expansion, 
should  be  sufiered  to  occupy  about  half 
the  tube,  or  to  stand  at  6.  The  phos- 
phorus may  then  be  inflamed  in  the 
tube ;  and  when  the  combustion  is  over, 
and  the  tube  cold,  the  residuary  air  may 
be  transferred  for  measurement  into  a 
small  cylindrical  jar  graduated  into  minute  aliquot 
parts.  In  this  instance  about  77th  the  volume  of  the 
residuary  gas  is  to  be  deducted  from  the  apparent 
quantity  of  azotic  gas,  because,  in  this  case  also,  a 
small  portion  of  phosphorus  is  dissolved  by  the  latter, 
and  occasions  a  trifling  expansion.  Volta  had  recourse 
to  the  accension  of  hydrogen  gas  as  a  test  for  the  purity 
of  atmospheric  air.  For  this  purpose,  two  measures  of 
hydrogen  are  introduced  into  a  graduated  tube,  with 
three  of  the  air  to  be  examined,  and  fired  by  the  electric 
spark ;  the  diminution  of  bulk,  observed  after  the  ves- 
sel had  returned  to  its  original  temperature,  divided  by 
three,  gives  the  quantity  of  oxygen  consumed.  This 
eudiometric  test  has  lately  received  great  improvement 
from  the  discovery  of  the  singular  fact,  that  precipitated 
platinum  will,  by  virtue  of  a  disposing  affinity,  enable 
the  oxygen  and  hydrogen  gases  to  combine  silently, 
and  thereby  to  supersede  the  necessity  of  an  electric 
spark ;  it  moreover  possesses  a  great  advantage  over 
this  latter  mode  of  combustion,  as  it  enables  thege 
gases  to  unite,  however  small  the  proportion  of  hydro- 
gen may  be,  whereas  the  electric  spark  will  not  fire  a 


Hope  and  Hcnrj/^9  Eudiometer. 


903 


mixture  in  ^ich  the  oxygen  is  in  considerable  excess* 
In  performing  thb  experiment  we  hare  only  to  mix  the 
hydrogen  gas  with  the  air  to  be  examined,  in  the  pro* 
pcMtions  above  directed,  and  then  to  introduce  into  the 
Jar  a  pellet  composed  of  the  spongy  plaiinumy  and 
allow  them  to  remain  in  contact.  Scheele  in  hit 
endiometrical  researches,  employed  liquid  Sulpburei 
vfPotase^  a  substance  which  possesses  the  property  of 
absorbing  oxygen,  but  not  azote.  It  therefore  acts  on 
atmospheric  air,  only  as  long  as  any  oxygen  gas  remains, 
and  may  be  employed  as  the  means  of  ascertaining  the 
quantity  of  this  gas  in  any  portion  of  air.  For  apply- 
11^  this  test.  Dr.  Hope  of  Edinburgh  invented  an  in« 
strument,  which  is  represnted  in  the  margin  (B).  It 
A  B        consists  of  a  small  bottle,   holding 

about  three  ounces,  into  which  the 
graduated  glass  tube  a  is  carefully 
fitted  by  grinding.  It  also  has  a 
ground  stopper  at  6.  To  use  it,  the 
phial  is  filled  with  the  solution,  and 
the  tube  a,  containing  the  air  to  be 
examined,  fitted  into  its  place.  Ott 
inverting  the  instrument,  the  gas  as- 
cends into  the  bottle,  where  it  is  to 
be  brought  extensively  into  contact  with  the  liquid  by 
brisk  agitation ; — an  absorption  ensues ;  and  to  supply 
its  place,  the  stopper  b  is  opened  under  water,  a  quan- 
tity of  which  rushes  into  the  bottle.  The  stopper  is 
replaced  under  water;  the  agitation  repeated;  and 
these  operations  are  renewed  alternately,  till  no  farther 
diminution  takes  place.  The  tube  a  is  then  withdrawn, 
the  neck  of  the  bottle  being  under  vrater,  and  is  held 
inverted  in  water  for  a  few  minutes ;  at  the  close  of 
which  the  diminution  will  be  apparent,  and  its  amount 
may  be  measured  by  the  graduated  scale  engi*aved  ob 
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the  tube.    To  this  form  of  apparatus,  however,  Dr« 
Henry  has  oflfered  the  following  objections*     If  the 
tube  a,  and  the  stopper  6,  are  not  both  very  accuratjely 
ground,  the  air  is  apt  to  make  its  way  into  the  instru* 
ment  to  supply  the  partial  vacuum,  occasioned  by  the 
absorption  of  oxygen  gas.    This  absorption  causes  a 
diminished  prestiure  within  the  bottle;  and,  conse- 
quently, towards  the  close  of  each  agitation,  the  ab- 
sorption goes  on  very  slowly.    Besides,  the  eudiometric 
liquid  is  constantly  becoming  more  dilute,  by  the  ad« 
mission  of  water  through  b.    To  obviate  all  these  di£% 
culties,  Dr.  Henry  substitutes  for  the  gl^ss  bottle,  one 
of  elastic  gum,  as  shewn  in  the  above  .marginal  cut  A. 
505.    There  is  a  peculiar  gas,  to  be  hereafter  des- 
cribed, termed  Nitrous  gasy  or  Nitric  oxide  gas^  which 
has  the  property  of  combining  with  oxygen,  and  form- 
ing nitrous  acid,  which  is  immediately  absorbed,  if  the 
mixture  be  made  over  water.    In  consequence  of  this 
effect,  nitrous  gas  was  originally  applied  by  Dr.  Priestley 
to  the  purposes  of  eudiometry.    Many  objections,  how- 
ever, have  been  urged  against  it,  and  it  has  been  sup- 
posed that  the  sources  of  error  in  its  employment  are 
such  as  to  forbid  our  relying  implicitly  on  the  results 
which  it  may  afford.    The  researches  of  Mr.  Dalton 
and  Gay  Lussac  have,  notwithstanding,  revived  our 
confidence  in  its  efficacy,  and  it  appears  to  be  suscep- 
tible of  perfect  accuracy,  provided  certain  precautions 
be  observed.    In  mixing  the  gases  a  narrow  tube  should 
be  avoided,  and  a  wide  vessel,  such  as  a  tumbler  glass, 
be  employed,  and  to  100  parts  of  atmospheric  air,  pre- 
viously measured,  we  must  add  at  once  100  measures 
of  nitrous  gas.    A  red  fume  will  appear,  which  will 
soon  be  absorbed  without  agitation,  and  in  half  a  mi- 
nute, or  at  most  a  minute,  the  absorption  will  be  com- 
plete.   The  residuum  must  be  then  passed  into  a  gra- 
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dnated  tube,  and  if  tke  air  has.  been  pure,  it  will  be 
found  that  84  measures  have  disappfealped.  This  num- 
ber must  be  divided  bjr  4,  which  will  give  us  the 
quantity  of  oxygen  condensed,  via.  21.  Sir  H.  Day^- 
has  proposed  the  u^  of 'absolution  of  sulj^ate  of  iron, 
impregnated  with  nitric:  odttd^  gas,  tor  the  absorption 
of  oxygen;  ^^wbich'^ase,  the  apparatus  of  Dr*  Hope, 
will  afB)id  a  contenietit  mode  of  applying  it.    -    - 

'  B06.  The  proportion  of  csurbonicecid  present  in  the. 
atmosphere  maybe-ascertained  by  agitating  it:  in  con-' 
l^t  with  a  solution  of  potato,  and  noting  the  degree  of 
absorptioTi. 

'  507.  In  our  investigations  into  the  quality  of  air, 
we  should  also  ascertain  its  power  of  supporting 'com- 
bustion. 

508.  We  .come  now  to  consider  the  nature  of  tliose 
adrehtitious' bodies  which  are  present,  in  variable  pro- 
portions, in  the  atmosphere,  and  upon  which  its  d^ree 
cf  salubrity  most  prob&bly  -depends.  Water,  even 
during  the  driest  weather,  is  always  present  in  the  at-' 
mosphere,  although  its  proportion  is  constantly  -fluc- 
tuating.- Various  saline  bodies  when  exposed  to  the 
air  become  moist,  or  deliquesce,  which  arises  from  their 
attracting  the  water  present  in  the  atmosphere.  Saus- 
siire  states  the  quantity  of  water  in  a  cubic  foot  of  air, 
charged  with  moisjture  at  65**  Fah.  to  be  1 1  grains.  The 
quantity  of ,  water  that  may  be  extracted  from  100  cu- 
bical inches  of  air,  at  57^  is  0*35  of  a  grain ;  but^  ac- 
cording to  Clement  and  Desorines,  at  54**  Fah.  only 
0*236  of  a  grain  can  be  detached  by  exposure  to  mu- 
riate of  lime.  'The  experiments,  both  of  these  chemists^ 
and  of  ]VIr.  Dalton,  concur  in  proving  that,  at  the  same 
tsmperatuce,  equal  bulks  of  all  the  diiferent  gases  give 
up  the  same  quantity  of  water  to  deliquescent  sal^. 
The  portion  of  water  which  they  thus  abandon^  has 
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been  called  Htfgrametric  waier*  Whether  th|^y  cos- 
tain  a  still  farther  quantity  in  a  state  of  more  intimate 
union,  and  not  separable  by  deliquescent  substances^ 
is  atkll  undetermined*. 

509.  There  are  many  bodies^  which  can  scarcely 
be  considered  as  possessing  any  affinity  for  water,  and 
yet  greedily  absorb  it  firom  the  atmosphere.  Such  are 
almost  all  substances  in  the  ateite  (^  powder;  porous - 
paper;  soils  which  have  been  artificially  dried;  parched 
.oatmeal;  and  even  the  filings  of  metals.-  These  bodies 
aie  said  to  be  Hygrometric.  ^ 

510.  Much  yet  remains  to  be  discovered  respecting 
the  manner  in  which  water  is  suspended  in  the  atmos- 
phere.   An  attempt  has  been  made  to  estimate  the  de- 
gree of  moisture  of  the  air,  by  ascertaining  what  has 
been  termed  the  dew  poiniy  that  is,  the  temperature  at 
which  moisture  is  precipitated.*    Besides  thi&  method 
a  variety  of  instruments  have  been  also  constructed  for 
the  same  purpose.    They  are  called  Hygrometers ; 
the  most  common  of  which  consist  of  some  substanfie^. 
such  as  human  hair,  or  a  fine  slip  of  whalebone,  which- 
is  elongated  by  a  moist  atmosphere,,  and  shortened  by 
a  dry  one.t   The  extreme  points  are  altered  by  placing. 

*  For  a  farther  explanation  of  thb  subject,  as  well  as  for  other 
information  respecting  the  habitudes  of  the  Atmosphere,  the 
reader  h  referred  to  Mr.  Daniel's  Essays  on -Meteorology. 

f  Many  vegetable  productions  are  qUcuhited  to  afford  the* 
same  indications ;  thos,  the  capsule  of  the  Gemninm,  and  the  beard 
of  wild  oats,  if  fixed  upon  a  stand,  serve  the  purpose  of  an  hygro-, 
meter,  twisting  itself  more  or  less  according  to  the  moisture  of 
the  air.  The  awn  of  Barley  is  furnished  with  stiff  points,  which, 
like  the  teeth  of  a  saw,  are  all  turned  towards  one  end  of  it ;  as 
this  long  awn  lies  upon  the  ground,  it  extends  itself  in  the  moist  air 
of  night,  and  pushes  forward  the  barley  com,  which  it  adheres  to;* 
in  the  day  it  shortens  as  it  dries  9  and  as  these  points  prevent  it 
iiom  receding,  it  draws  up  its  pointed,  ead^  and  thii5>  cseeptag' 
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it,  first  in  air  artificially  dried,  and  afterwards  in'  air 
rendered  as  humid  as  possible.  The  degree  of  expan- 
sioh  or  contraction  is  rendered  more  sensible  by  con- 
necting  it  with  an  axis,  whi<^h  moves  a  circular  index, 
like  the  finger  of  a  clock.  Mr.  Leslie  and  Mr.  Daniel 
have  proposed  more  refined  instruments,  founded  upon 
the  fact,  that  evaporation  proceeds  with  a  rapidity 
equal  to  the  dryness  of  the  air ;  and  since  the  produc- 
tion of  cold  is  proportional  to  die  rate  of  evaporation, 
the  thennometer  may  be  thus  made  subservient  to  the 
purposes  of  Hygrometry. 

511.  The  human  body  is  greatly  influenced  by  the 
degree  of  aqueous  vapour  present  in  the  atmosphere, 
and  few  subjects  connected  with  Meteorology  are  more 
interesting  to  the  medical  philosopher.  How  far  the 
origin  of  various  Epidemics  may  be  connected  Mrith  it, 
future  observations  may  probably  discover.  Increased 
humidity  is  ever  attended  with  the  sensation  of  cold^ 
because  the  air  is  thus  rendered  a  better  conductor  of 
caloric ;  while,  at  the  same  time  it  cheeks  the  perspira- 
tion, since  the  atmosphere,  when  in  a  state  of  saturation 
with  water,  is  inci^ble  of  carrying  off  the  insensible 


like  a  worm,  will  travel  many  feet  from  the  parent  stem.  Upon 
this  principle  Mr.  Edgeworth  once  made  a  wooden  automaton ; 
its  back  consisted  of  soft  Fir-wood,  about  an  inch  square,  and 
four  feet  long,  made  of  pieces  cut  the  cross-way  in  respect  to  the 
fibres  of  the  wood,  and  glued  together ;  it  had  two  feet  before, 
and  two  behind,  which  supported  the  back  horizontally ;  but 
were  placed  with  their  extremities,  which  were  armed  with  sharp 
points  of  iron,  bending  backwards.  Hence,  in  moist  weather  the 
back  lengthened,  and  the  two  foremost  feet  were  pushed  forward ; 
in  dry  weather  the  hinder  feet  were  drawn  after,  as  the  obliquity 
of  the  points  of  the  feet  prevented  it  from  receding.  And  thns 
in  a  month  or  two,  it  walked  across  the  room  which  it  inhabited. 

u2 
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perspiration  as  it  is  formed.*  Fot  the  same  reason,  tlie 
watery  exhalation  from  the  lungs  is  diminished^  and 
various  morbid  effects  may  be  thus  produced.  The 
subject  has  not  hitherto  received  a  share  of  attention 
commensurate  with  its  importance.  The  investigation 
might  not  only  lead  to  an  explanation  of  many  phseno- 
mena  which  are  at  present  unintelligible,  but  to  the 
adaptation  of  an  artificial  atmosphere  for  the  cure  of 
disease.t  It,  moreover,  deserves  notice  that  a  humid 
atmosphere  becomes  a  more  powerful  solvent  of  v^e- 
table  and  animal  substances.  Numerous  examples 
might  be  adduced  to  shew  that  volatile  bodies  are 
sooner  converted  into  a  gaseous  state  under  such  cir« 
cumstances.  It  is  well  known  to  lime^bumers  that  the 
limestone  is  burnt  and  reduced  to  quick-lime  much 
sooner  in  moist  than  in  dry  weather ;  and,  indeed,  in 
the  latter  case  they  not  unfrequently  place  a  pan  of 
water  in  the  ash-pit,  the  vapour  of  which  materially 
assists  in  carrying  o£f  the  carbonic  acid.  In  like  man« 
ner,  camphor  is  found  to  volatilize  with  much  greater 
»-     .    .  -  -  —  ■  —  ■  -         , 

*  Under  these  circumstances  the  perspirable  matter  is  c»n- 
densed  upon  the  sarface,  hence  we  appear  upon  these  occasioss 
to  perspire  greatly  upon  the  slightest  exercise,  whereas  the  cuti- 
cular  discharge  is  at  such  times  absolutely  less ;  and  since  it  must 
cease  to  be  a  cooling  process  we  experience  a  sensation  of  heat 
greater  than  the  state  of  the  thermometer  will  explain.  The  ex- 
treme dryness  of  the  atmosphere  of  Chili  will  fiimidi  ut  with  a 
number  of  facts  in  farther  proof  of  the  Justness  of  these  views. 
Dr.  Schmidtmeyer  informs  us  that  in  the  climate  alluded  to,  not- 
withstanding the  very  high  temperature,  the  perspiration  passes 
off  so  entirely  in  the  insensible  form,  that,  during  the  most  violent 
exercise,  it  mght  be  doubted  whether  there  existed  any  perspira- 
tion at  all. 

t  I  have  offered  some  farther  observations  upon  this  subject  ia 
the  6th  Edition  of  my  Pharmacologia,  Vol.  I.  p.  I97-»198. 
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iwlerity  in  .daaip  fliiKationB.  Every  body  has  noticed 
hdw  eensiUe  the  perfume  of  flowerd  becomes  d^ring 
the  fall  of  thd  evening  dew,  or  in  the  morning,  when 
the  (lew  e?aporal»s  and  is  dissipated  by  the  rays  of  the 
rasing  sun»  For  tb^  same  reason  the  stench  of  putrid 
ditches^  aoid'Commpn  sewers,  is.  conveyed  to  the  organs 
of  0mell  mnoh  more  speedily  in  suinmer  previous  to 
lain,  when  the  air  becomes  charged  with  moisture. 
We  cannot  therefore  be  surprised  to  find  that  heat  and 
moisture  have  ever  proved  favourable  to  the  origin  and 
l^ropagation  of  Epidemic  diseases.  The  most  subtle 
of  all  poisons, — the  moHer  oftontagiofiy — ^is  undoubt- 
edly modified  in  activity  by  the  degree  of  moisture  in 
tile  atmosphere,  influencing  its  solubility  and  volatility. 
On  the  other  hand,  it  may  be  stated  thiit  the  Harmat* 
tan,  a  wind  experienced  on  the  western  coast  of  Africa, 
between  the  Equator  and  IS  degrees  North  Latitude, 
blowing  firom  north-east  towards  the  Atlantic,  and 
which,  in  consequence  of  its  passage  over  a  very  ex- 
tensive space  of  arid  land,  is  necessarily  characterised 
by  excessive  dryness,  puts  an  end  to  all  Epidemics,  as 
the  Small  Pox,  &c. ;  and  it  is  even  said  thai,  at  such 
a  time,  infection  does  not  appear  to  be  easily  com* 
mumcable  by  art. 

512.  Eudiometry,  in  its  present  state,  is  too  im* 
perfect  to  enable  us  to  appreciate  the  presence  of 
various  animal  and  vegetable  substances  which  are  so 
generally  present  in  the  lower  regions  of  our  atmos- 
phere;  and  by  which  the  salubrity  of  the  air  appears 
to  be  materially  aflfected.  All  living  bodies,  when 
crowded  together,  generate  a  peculiar  matter  which 
would  seem  to  be  highly  destructive.  No  species  of 
animal  can  congregate  in  ill  ventilated  apartments  with 
impunity.  Under  such  circumstances,  the  horse  be- 
comes infected  with  the  GlanderSy  fowls  with  the  Pip 
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or  Pepy*  and  sheep  with  a  disease  peculiar  to  them,  if 
they  be  too  closely  folded.  The  same  fact  occurs  ia 
the  vegetable  kingdom,  and  Nature  would  seem  to  have 
established  this  law,  in  order  that  the  extent  of  her 
productions  might  be  limited  to  those  bounds,  which 
were  essential  to  the  well  being  of  the  whole.  The 
unhealthiness  of  crowded  cities  must  arise  from  a  mmi- 
lar  cause,  and,  although  the  chemist  is  unable  to  detect 
the  deleterious  principle,  it  would  be  vain  to  deny  its 
existence. 

513.  It  has  been  stated  that  a  certain  portion  of 
carbonic  acid  is  present  in  the  purest  air ;  but  in  cities, 
and  apartments  in  which  persons  have  breathed,  ov 
combustible  matter  has  beei>  burnt,  this  proportion  is 
exceeded,  and  its  excess  must  be  regarded  as  injurious. 
Sulphurous  acid  may  also  be  occasionally  present  in 
an  atmosphere  which  has  been  impregnated  with  the 
yiqpour  of  burning  coal ;  the  air  of  London  contains 
it,t  and  to  its  presence  we  may  probably  attribute  the 
well  know  fact  of  iron  oxidizing  with  such  rapidity. 
A  quantity  of  carbon,  in  a  state  of  extremely  minute 
division,  is  also  difiiised  through  the  air  of  our  city, 
which  cannot  but  prove  injurious  to -the  health  of  the 
inhabitants.  The  presence  of  such  adventitious  bodies 
is  amply  sufficient  to  explain  the  effects  which  ar^ 


*  It  is  worthy  of  remark  that  these  diseases,  evidently  engen- 
dered by  congregation,  become  subsequently  contagious. 

f  The  ordinary  mode  of  collecting  the  air  of  a  place,  for 
eudiometric  examination,  is  to  empty  a  bottle  of  water,  and  4o 
cork  the  vessel  carefully ;  but  in  this  case,  the  Sulphurous  acid* 
or  any  soluble  matter  will  be  washed  away.  It  is  therefore  pre- 
ferable to  carry  an  empty  bottle,  perfectly  dry,  to  the  spot,  and 
to  dislodge  the  common  air  by  the  blast  from  a  pair  of  bellows, 
and  then,  after  the  interval  of  a  minute  or  two,  to  close  it 
sL'Curdy. 
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known  to  attend  a  constant  residence  in  the  metro- 
poliSyt  as  well  as  to  account  for  the  feelings  of  relief 
which  its  inhabitants  experience  from  occasional  mi- 
gration. 

514*  We  may  now  examine  the  fhnction  of  breath- 
ing, and  the  changes  which  the  air  undergoes  ii;i  its 
passage  through  the  lungs.  The  construction  of  the 
human  organs  of  respiration,  and  the  mechanism  by 
which  ^e  thorax  is  alternately  enlarged  and  con>- 
tracted,  exclusively  fall  within  the  province  of  the 
Anatomist.  The  Chemist  contributes  his  assistance 
l^  demonstrating  the  composition  of  the  atmosphefiB, 
and  the  alteration  which  takes  place  in  it  during  tbe 
act  of  respiration.  He  also  shews  the  changes  which 
thte  blood  suffers  finom  its  exposure  to  the  air's  in^ 
fluence,  and  leaves  the  physiologist  to  draw  his  con- 
clusions from  the  data  with  which  he  is  thus  enabled 
to  furnish  him. 


t  The  unheslthy  appearance  of  plants  growing  in  4he  metro- 
polis affords,  in  itself,  a  sufficient  indication  of  the  air*s  impurity. 
Evelyn  has  the  following  curious  remark  upon  this  subject. 
**  That  the  smoake  destroys  our  veg^ation  b  shewn  by  that 
nhich  was  by  many  observed  in  the  year  1044,  when  Newcastle 
was  befl^ed,  and  blocked  up  in  our  late  «pars,  so  as  through  the 
great  dearth  and  scarcity  of  coals,  these  famous  works  were  either 
left  off  or  diminished,  divers  gardens  and  orchards  planted  even 
in  the  very  heart  of  London,  (as  in  particular  my  Lord  Marqnn 
of  Hertford  in  the  Strand ;  my  Lord  Bridgewater^  and  some 
otiiers  a1»out  Barbican,)  were  observed  to  bear  sudi  plentiful  and 
inlfaute -quantities  of  fimits,  as  thty  never  freduced  the  like  lie-' 
fioie,  or  since,  to  their  great  astoaishmsnti  hot  it  was  by  A^ 
owners  ri^tiy  inqputed  to  the  penury  of  coales,  and  the  little 
smoake  which  they  took  notice  to  infest  them  that  yeare.**  Aa 
the  impurity  of  the  air  constitutes  an  interesting  subject  oC 
Medical  Police,  I  have  treated  it  more  fully  in  my  work  ctn 
MsDicAL  JuaurauDsvcs,  to  which  I  must  ref^r  the  reader« 
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515.  All  animals,  howeyer. different  in. tb^iralrue*- 
ture  and  functions,  appear  to  agree  in  poflBessipg  oi^ans 
impropriated  to  the  purpose  of  ireqpiration,  and  in  prcH 
ducing  the  same  species  of  change  on  the  air.  which 
they  breathe.  In  man^  q^uadirupeds,  birdff^'  and  the 
amphibia,  they  consast  of  a  cavity,,  with  the,  necessary 
appendages,  which  al^rnately  reoeives  and  emita  a 
portion  of  the  air  of  the  atmosphere.  .Fish,  in  conse* 
quence  of  the  medium  in  whic^.  they  ai^  inim^rsedi 
pevfor^n  this  function  by  a.di£Eb*eat  appara^u^;,  they 
are  furnished|  with  a  passfige  comn^unicating  with  the 
faucea  or  oesophagus,  and  terminating  in  the  externa) 
surface  of  the  body,  through  which  a  part  of  (hip  wt£» 
received  inta  the  mouth  is  forcibly  propeUed^  In  thi^ 
passage^  the  branchia^^  or  gills,  are  situated,  and  the 
blood  which  circulates  in  their  fringed  exitremitks,  is 
thus  exposed  to  the  action  of  a  quantity  of  air^  whid% 
the  water  always  holds  in  solution.  This  is  rendered 
evident  from  the  fact  that  fish  die  in  a  state  of  suffoca- 
tion, if  the  water  in  which  they  are  contained,  be  de- 
prived of  its  air  by  the  action  of  the  air  pump.  In 
many  of  the  Insects  and  less  perfect  animals,  the  re* 
i^piratory  organs  consist  merely  of  a  number  of  tubea 
or  pores,  provided  i^ith  open  mouths,  and  which  simj^- 
admit  the  external  air  to  be  received  into  them^ 
whtoce,  in  order  to  sufibcate  such  animals^  we  have 
only  to  cover  theii*  bodies  with  oil. 

516.  Oxygen  gas  appears  to  .be  the  only  part  of  the 
atmosphere  which  i^  essential  to  ^he  mainteuance  of 
respiration  and!  ife.  No  gas^  with  which  we  ar«  ac- 
quainted, can  be  substituted  for  it,  and  an  animal, 
enclosed  in  a  definite  portion  of  air,  lives  a  longer  or 
shorter  period,  according  to  the  proportion  of  oxygen 
present  (446).  When  an  animal,  however,  has  ex-» 
pired  in  a  quantity  of  atmospheric  air,  in  cqnseqjuence 


of  itffbeiqg  BO  loc^g^  fit  for  r^fHjration^it  is  still  found 
that  the  whole  of  the  ozjgen  is  not  removed  from^it,* 
bivt  in  thiB.cfide  the  death  of  the  aniaial  is  to  be  rather 
attributed  to  the  presence  of  carbonic  acid,  than  to  a 
deficiency  of  oxygen^  for  it  has  been  shewn  by  Layoir 
eier  that  where  the  expired  air  was  exposed  to  a  subr 
stance  capable  of  combining  with  this  deleterious  body, 
the  life  of  the  anhnal  was  protracted*  The  azote  does  ^ 
not  appear  to  be  absorbed  iiv  <^y  notable  degree^  but 
cemains  passive,  and  is  received  into,  and  emitted  fix>n| 
the  lungs  without  undergoing  any  change;  its  only 
use  in  the  atmosphere  would  seem  to  be  for  the  dilu- 
tion of  the  oxygen.  Such,  at  least,  is  the  more  prob- 
able opinion,  although  some  philosophers  have  con- 
cluded that  there  is  an  absorption  of  azote  as  well  aa 
of  oxygen. 

$17.  It  has  been  a  problem  from  the.  earliest  ages 
to  ascertain  the  capacity  of  the  lungf ,  and  the  quantity 
of  air  received  and  emitted  by  them.  Many  calcula* 
tions  were  made  upon  this  subject  by  the  older  writers, 
but  aa  they' were  necessarily  deficient  in  those  data 
iMdiich  .can  be  alone  derived  from  the  most  refined  ex- 
perimeats,  we  cannot  be  surprised  that  their  conclu- 
sions should  have  he&k  so  inconsistent  with  each  other, 
and  &>  remote  firom  truth.  There  are  mcNceover,  several 
circumatances  which  render  the  enquiry  extremely 
difficult.  Owing  to  a  difference  in  stature,  and  to  the 
peculiar  conformation  of  the  thorax,  grea^  varieti^ 
prevail  in.  the. quantities  of  air  respired  by.  different 
persons;  and.  in  the  same  person  it  is  wellknown,  that 

-    ■     ■     . .  -. -.., 

*  This  proposition,  however,  is  suhject  to  exceptions;  M. 
y auquelin  found  thai  some  f^f  the  species  of  worms  possessed  the 
power  of  separating  the  oxygen  from  the  azote  iu  the  most  per- 
Ieclm9i|ncr« 
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the  respiration  is  materially  influenced  by  the  degree 
of  muBcular  exertion,  the  state  of  the  stomach,  the 
mental  impressions,  and  the  powers  of  volition ;  all, 
•therefore,  that  can  be  effected  by  experiment,  is  to 
ascertain  the  average  quantity  of  air  respired  in  that 
-dtate  of  the  body,  when  it  is  least  under  the  influence 
(Of  external  agents. 

518.  Inspiration  may  be  said  to  be  performed  -with 
three  diflferent  degrees  of  energy,  1st,  Ordinary  in- 
spiration,  which  takes  place  by  the  depression  of  the 
diaphragm,  and  an  almost  insensible  elevation  of  the 
thorax ;  Sndly,  the  Great  inspiration,  in  which  there 
is  an  evident  elevation  of  the  thorax,  and,  at  the  same 
time,  a  depression  of  .the  diaphragm;  Srdly,  Forced 
lin^iration,  in  which  the  dimensions  of  the  thorax  are 
augmented  in  every  direction,  as  far  as  the  phyncal 
disposition  of  this  cavity  will  permit  the  contraction  of 
the  thorax,  or  Expiration^  presents  also  three  degrees, 
yis.  Ist,  Ordinary  expiration,  2nd,  Great  expiration, 
and  Srdly,  Forced  expiration. 

519.  According  to  Menzies,  the  mean  quantity  of 
air  that  enters  the  lungs,  at  each  inspiration,  is  40 
cubic  inches. — Goodwin  thinks  that  the  quantity  re* 
maning  after  a  complete  expiration  is  109  cubic  indies; 
Menzies  afiirms  that  this  quantity  is  greater,  and  that 
it  amounts  to  179  cubic  inches.  According  to  Sir  H. 
Davy,  after  a  forced  expiration,  his  lungs  contained 
41  cubic  inches* 

After  a  natural  expiration ^••••.  116 

After  a  natural  inspiration ^  •••««  \di 

After  a  forced  inspiration 254 

By  a  forc^  expiration,  after  a  forced  in- 
spiration, there  passed  out  of  the  lungs  190 

Do.  after  a  natural  inspiration ^^^.     78*5 

Do.  after  a  natural  expiration 67^5 


expired^  at  each  impiraiioH  and  expiratiotu    315 

Dr.  Thomson  thinks  that  we  should  not  be  far  froift 
the  truth  in  supposing  that  the  ordinary  quantity  of  air 
contained  in  the  lungs  is  880,  and  that  there  enter  or 
go  out  at  each  inspiration  or  expiration  40  inches. 
Thus,  supposing  90*  inspirations  in  a -minute,  the 
quantity  of  air  diat  would  enter  and  pass  out  in  this 
time  would  be  800  inches;  which  make  48*000  in  the 
hour,  and  in  S4  hours  1,152,000  cubic  inches. 

590.  It  will  be  erident  from  the  foregoing  state- 
ment that  the  portion  of  air  expired  is  not  exactly  that 
which  was  inspired  immediately  before,  but  a  portion 
of  the  mass  which  the  lungs  contained  after  expira- 
tion ;  and  if  the  volume  of  air  that  the  lungs  usually 
contain  is  compared  with  that  which  is  inspired  and 
eitpired  at  each  motion  of  respiration,  we  must  suppose 
that  inspiration  and  expiration  are  intended  to  renew 
in  part  the  considerable  mass  of  air  contained  in  the 
lungs*  This  renewal  will  be  so  much  the  more  con^ 
siderable  as  the  quantity  of  air  expired  is  greater,  and 
as  the  following  inspiration  is  more  complete.  In  cases 
of  extreme  fatigue,  the  ordinary  inspirations  are  pro* 
bably  less  ample  than  necessary,  and  hence  we  are 
under  the  necessity  of  occasionally  interposing  a  forced 
inspiration  to  supply  the  deficiency.  The  same  fact 
win  explain  the  deep  sighs  of  those  aflfected  by  reverie. 

581.  The  nature  of  atmospheric  air  having  been 
already  explained,  we  may  now  consider  the  physical 
and  chemical  changes  which  it  undergoes  during  its 
passage  through  the  lungs*  In  its  exit  from  these 
oi^gans  its  temperature  is  nearly  the  same  as  that  of  the 

*  We  furW  assume  this  as  the  ijoean.  Haller  tUnks  there  arp 
80  in  the  q[wce  of  a  minute.  A  man,  upon  whom  Menzies  made 
experiments,  required  only  14  times  in  that  interval.  Sir  H.  Davy 
Informs  us  that  he  required  26  or  S7  times;  Dr.  Thomson  says 
that  he  requires  generally  19  limes.    Mj^endie  oidy  15  tines. 
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bodjr ;  ftnd  it  appears  ftoin  tbe  experimeaU  of  Meflsn. 
Allen  and  Pepys,  that  the  sam^  quantity  is  ghren  out 
^  each  expiration^  as  was  inhaled  by  the  preyious  in- 
spiration; its  chemical  composition,  however,  under- 
goes material  change,  it  returns  charged  with  aqueous 
vapour,  called  pulmonary  transpiraiiotiy  which  is  evi« 
dently  alone  derived  from,  the  secretion  lining,  the 
bronchia  apd  air  vesicles,  although  Lavoisier  imagined 
that  it  was  generated  by  the  union  of  the  oxygesi  of 
the .  air  with  the  hydrogen  given  off  from  the  blood. 
Di£^rent  authors  have  attempted  to  estimate  the  quan- 
tify of  water  thuspixxluced ;  the  celebrated  SancUnius, 
who  devoted  so  large  a  portion  of  his  life  to  the  inves- 
tigation of  the  quantity  of  matter  perspired  from  the 
body,  under  di£ferent  circumstances,  estimated  die  pul« 
mcHiary  exhalation,  at  about  half  a  pound  in  S4  hours; 
Dr.  Hales  supposes  the  quantity  to  be  about  20  ounces* 
Dr.  Menzies,  about  ^ix  oufices,  and  Mr.  Abemethy, 
nine  ounces,  or  three  grains  in  a  minute.  The  fact  is, 
that  the  quantity  must  not  only  vary  considerably  in 
every  individual,  but  with  jevery  hygrometric  change 
in  the  air  (510.) 

.  dS8*  Atmospheric  air,  after  having  been  onee  ad- 
mitted into  the  lungs,  returns  charged  with  8  or  8*5 
per  cent,  of  carbonic  acid« 

•  Exp.  72. — ^BIow  the  air  from  the  lungs,  with  the  aid 
of  a  quill,  or  the  stem  of  a  tobacco-pipe,  through 
a  glass  of  lime  water,  the  liquid  will  become  milky, 
and  deposit  carbonate  of  lime. 

If  the  same  portion  of  air  be  breathed  repeatedly, 
considerable  uneasiness  is  experienced;  but  the  quan- 
tity of  carbonic  acid  cannot  be  increased  beyond  10 
per  cent.  The  proportion,  however,  which  is  produced 
by  the  same  individual,  is  liable  to  some  variations 
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which  httve  beeti  deteribed  by  Dr.  Prout  (Aiin.  oFPhil. 
xiii.  1S69«)    In  exaioining  the  changes  which  the  con* 
stituent  paorts  of  the  air  have  undei^one  v^  shall  find 
that  the  proportion  of  azote  is  much  the  same,  but  that 
a  quantity  of  oxygen  has  disappeared,  equal  in  volume 
to  that  x>f  the  carbonic  acid  formed;  and  since  this 
acid  has  been  shewn  to  contain  exactly  its  own  bulk  of 
oxygen  gas,  it  is  very  evident  that  all  the  oxygen  which 
disappears  in  respiration,  must  have  been  expended  in 
forming  this  acid ;  and  that  no  portion  of  it  dan  have 
united  with  hydrogen,  as  Lavoisier  supposed,  to  form 
water.     But  in  this  place  the  important  question  arises 
as  to  the  source  of  carbonic  acid ;  whether  the  oxygen 
be  absorbed  through  the  coats  of  the  vessels,  and  thus 
displaces  an  equal  quantity  of  ready  formed  carbonic 
acid,  which  may  be  supposed  to  have  pre-existed  in 
the  blood ;  or,  whether  this  acid  be  not  rather  gene<* 
rated  by.  the  union  of  the  inspired  oxygen  vrith  the 
carbon  of  that  fluid?     Lavoisier  in  his  first  memoir 
proposes  these  two  hypotheses  without  deciding  in 
favour  of  either  of  them ;  but  in  his  later  papers  he 
adopts  the  latter,  and  the  most  enlightened  chemists 
and  physiologists  of  the  present  day  have  sanctioned 
the  decision.    The  only  change,  then,  that  has  been 
satisfiietorily  proved  to  take  plaice  in  respired  atmos- 
pherical air,  is  the  removal  of  a  certain  quantity  of 
oxygen  (its  nitrogen  being  wholly  untouched)  and  the 
substitution  of  a  precisely  equal  volume  of  carbonic 
acid  gas. 

523.  The  air  in  the  lungs  then  must  have  acquired 
from  the  venous  blood  a  quantity  of  carbon,  and  it 
therefore  becomes  a  material  question,  whence  this  iti- 
flammable  matter  is  derived.  The  chemical  composi- 
tion of  the  blood  cannot  be  wdl  understood  until  the 
student  has  been  made  acquainted  with  the  different 
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animal  principles  which  enter  into  its  constitnCion. 
At  present  it  is  only  necessary  to  state  that,  at  the 
instant  in  which  the  venous  blood  traverses  the  small 
vessels  of  the  pulmonary  lobules,  it  assumes  a  scarlet 
colour;  its  odour  becomes  stronger,  and  its  taste  more 
distinct ;  its  temperature  rises  about  one  degree ;  a  part 
of  its  serum  disappears,  passing  off  in  the  state  of  va- 
pour ;  and  its  tendency  to  coagulation  augments.  The 
venous  blood,  having  acquired  these  characters,  now 
becomes  arterial  blood.  That  these  changes  are  pro- 
duced by  the  operation  of  the  oxygen  of  the  air  is 
muiifest  from  the  fiu^t,  that  if  there  is  any  other  gas  in ' 
the  lungs,  or  even  if  the  air  is  not  suitably  renewed, 
the  change  of  colour  does  not  take  plaoe.  We  can 
easily  see  the  colouring  of  the  blood,  even  in  the  dead 
body*  The  venous,  blood  often  accumulates  in  the 
lungs  before  death,  and  the  branchial  vesseh  being 
deprived  of  air,  it  preserves  the  venous  properties  long 
after  death ;  when,  if  atmospheric  air  be  injected  into 
the  trachea,  so  as  to  distend  the  lungs,  the  brown  red 
colour  of  the  accumulated  blood  will  be  immediately 
changed  into  vermiUion  red.  The  same  phoenomena 
takes  place  whenever  the  venous  blood  is  in  ccmtact 
with  oxygen,  or  atmospheric  air.    (Exp.  57.) 

5S4.  By  exposing  arterial  blood  to  carbonic  acid 
gas,  it  immediately  assumes  the  colour  of  venous  blood. 
The.  immediate  cause  of  these  changes  is  not  under- 
stood ;  but  we  shall  have  occasion  to  recur  to  the  sub* 
ject  in  a  future  part  of  the  work.  The  origin  of  the 
carbon  given  off  is  thus  explained  by  Dr.  Crawford ; — 
The  solids  of  the  living  body  have  a  constant  tendency 
to  decay ;  their  particles  are  continually  changing,  those 
which  are  no  longer  fit  for  performing  their  functions 
are  removed,  and  discharged  from  the  body,  while  new 
ones  are  deposited  in  their  room.    The  arterial  blood, . 
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which  is  distributed  to  all  parts  of  the  body  in  the 
minute  capiUary  vessels,  is  the  vehicle  by  means  of 
which  this  operation  is  performed ;  it  conveys  the  nu- 
tritious matter  to  the  different  parts  of  the  body,  and 
deposits  it  in  such  a  manner  as  to  repair  the  necessary 
waste,  while  at  the  same  time  it  receives  the  putrescent 
particles,  which  are  become  useless  or  noxious  to  the 
system,  and  carries  them  to  the  lungs,  where  they  are 
united  to  oxygen,  and  discharged  together  with  the  air 
of  expiration.  It  is  to  the  addition  of  this  extraneous 
matter  that  Dr.  Crawford  attributed  the  change  fix>m 
arterial  to  venous  blood,  and  by  the  removal  of  it  in 
the  lungs,  the  blood,  he  imagined,  is  brought  back  to 
the  arterial  state.  Lavoisier  considered  the  products, 
of  Digestion  as  the  immediate  source  of  carbon,  but 
this  idea  is  at  once  controverted  by  the  fact  that  the 
blood  becomes  completely  venalized  before  it  receives* 
the  contents  of  the  thoracic  duct.  It  must  be  admitted 
that  the  theoi^  of  Dr.  Crawford  is  simple  and  ingenious,, 
but  it  is  encumbered  by  one  insurmountable  difficult; 
it  is  contrary  to  aU  analogy  to  suppose  that  thearteriesr 
are  the  instruments  by  which  useless  matter  is  ejected 
from  the  system*  The  body  is  provided  with  a  distinct 
set  of  vessels,  which  from  their- office  are  called  the 
Absorbents^  whose  appropriate  function  it  is  to  remove 
all  superfluous  matter,  and  these  vessels  have  no  com- 
munication with  the  sanguiferous  system,  except  by 
the  intervention  of  the  thoracic  duct,  which  receives 
all  the  substances  absorbed,  and  pours  them  into  the 
left  subclevian  vein.  If  it  were  necessary  to  add  any. 
farther  strength  to  this  objection  it  might  be  stated^ 
that,  on  some  occasions,  the  blood  is  converted  inta 
the  venous  state ;  while  it  still  continues  in  the  great 
trunks  of  the  arteries,  as  where  the  blood  has  beei^ 
stopped  by  the  pressure  of  the  tourniquet.    B^t  even 
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supposing,  fbr  a  moment,  that  stich  an  objection  coiiI4 
be  temoTed,  is  the  theory  of  respiration  thus  oflfered 
satisfiu^tory  i  can  we  imagine  that  Nature  would  have 
^tabUshed  do  important  a  function,  and  have  so  care- 
fully guarded  against  the  possibility  of  its  intermission 
only  fbr  a  few  moments,  fbr  the  sdle  purpose  of  re« 
'moving  a  small  portion  of  excrementitious  matter  from 
the  system.  The  ends  would  be  wholly  unworthy  <^ 
the  means.  It  is  not  impossible  but  that  tliis  may  be 
One  of  the  beneficial  effects  produced,  but  there  are 
obviously  maiiy  others  of  greater  importance;  the  chyle, 
fbr  instance,  is  converted  into  blood  by  its  operation;* 
but  even  this  must  be  an  eflect  of  secondary  conae- 
<}uence,  or  the  act  of  respiration  might  have  admitted 
of  temporary  cessation.  When  it  is  remetnbered  that 
this  is  the  first  and  last  f  act  of  life ;  that  it  cahiiDt  be 
suspended,  even  for  a  few  seconds,  without  the  extinc- 
tion of  vitality,  we  are  inevitably  led  to  conclude  that 
it  inust  impart  some  principle  too  subtle  to  be  long 
itetaihed  in  our  vessels,  and  too  important  to  be  dis- 
pensed with  fbr  the  shortest  period ;  what  this  principle 
or  energy  may  be,  we  shall  probably  never  learn.  The 
contemplation,  however,  of  the  secondary  and  more 

'  *  Hence  in  diseased  lungs,  the  body  is  not  nonrished,  and  the  pa* 
tient  dies  from  atrophy.  Unless  gome  accident  happens,  sach  as 
the  rupture  of  a  blood-vessel,  or  the  bursting  of  a  vomica,  the 
phthisical  patient  lives  iis  long  as  the  body  contains  the  least  por- 
tion of  fat  that  can  be  absorbed  for  his  support. 

f  Breath  and  Life  are  v^ry  properly  considered  in  the  Scrip* 
tures  as  synonymous  terms ;  and  the  same  synonym,  as  far  as  we 
know,  prevails  in  every  language.  In  the  Greek,  the  most  philo- 
sophically constmcted  language  with  which  we  are  acqnuntod, 
this  Jint  and  UH  act  of  life  is  ezpresBed  by  a  word  coitiposed  of 
Alpha  aad  Omega,  «u».  In  Latin  the  ooaneetion  between; bisath 
aad  life  is  displayed  in  the  words  8pir0  and  SpUrituif 
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obnou»  pkaenoiiieiia  b  within  our  grasp ;  already  has 
the  PhysiologiBt  and  Pathologist  derived  important 
lights  from  the  investigation^  and  the  progress  of  Che<- 
-mistry  will^  without  doubt,  extend  and  correct  the 
views  which  have  been  thus  formed,  and  suggest  new 
applications  of  practical  utility* 

525.  Whatever  may  be  the  principle  communicated, 
<nr  the  medium  through  which  it  passes,  muscular  energy 
is  undoubtedly  in  some  manner  connected  with  the 
function  of  respiration.  Those  animals  which  axe  fur- 
nished with  the  most  perfect  pneumatic  apparatus  enjoy 
<the  highest  degree  of  muscular  power.  Comparative 
Anatomy  will  furnish  us  with  many  beautiful  illustra- 
tions in  support  of  this  theory  ;  birds  are  enabled  to 
sustain  the  exertion  of  flight,  in  consequence  of  their 
extensive  organs  of  respiration,  and  many  insects,*  in 
the  act  of  flying,  disclose  avenues  of  air,  which,  in  their 
quiet  state,  are  closed  by  the  cases  of  their  wings,  thus 
procuring  for  themselves  a  larger  supply  of  the  princi- 
ple of  muscular  energy,  at  a  period  when  firom  their 
exertion^  and  consequent  exhaustion,  they  most  require 
it ;  flat  fish,  who  having  no  swinmiing  bladder  remain 
At  the  bottom,  and  possess  but  little  velocity,  havcgiUs 
that  are  quite  concealed,  whilst  those  who  encounter  a 
rude  and  boisterous  stream,  as  trout,  perch,  or  salmon, 
httve  them  widely  expanded.t  In  men  and  quadrupeds 
the  same  law  i^  to  be  discovered,  the  narrow  chested 

*  This  is  particularly  evident  In  the  different  species  of  Scara' 

h€tUi. 

*  t  In  speaking  of  the  respiration  of  fishes,  it  may  be  observed 
that  tfie  sam  of  oxygiea  which  they  reiieive  wili  vary,  jointly,  «i 
tiw  momeiitiim  of  the  mtaa  which  imparts  it,  and  the  exint  of 
the  fills;  aa  acqoaintMice  with  this  truth  will  at  once  shew  that 
the  rapid  caRent»  instead  of  being  inigiical  to  the  strength  of  the 
animal,  must  prove  a  powerful  cause  of  its  invigoratioiu 
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individual  is  always  averse  to  labour,  and 
incapable  of  sustaining  it.    In  animals,  the  anhnoSum 
"pectus  is  always  an  indication  of  strength. 

526.  Some  Physiologists  have  considered  muscular 
energy  to  be  the  result  of  a  nice'combmation  of  oxygen 
with  the  animal  organs;  this  idea,  however,  is  fiir  too 
chemical,  and  rests  upon  a  set  of  entirely  gratuitous 
positions.  It  was  originally  suggested  by  CKrtanner,- 
and  gained  considerable  popularity,  in  consequence  of 
the  zeal  with  which  it  vras  adopted  by  Dr.  Beddoes^ 
who  applied  it  very  extensively  to  Pathology,  and  made 
it  the  foundation  of  some  supposed  improvements  in 
the  practice  of  medicine. 

5S7.  TVithout  inquiring  farther  into  the  cause  of 
the  phsenomenon,  if  it  be  admitted  that  a  relation  sttb^ 
sists  between  the  fhnction  of  rsspiration  and  muscular 
contractility,  it  will  follow,  as  ti  corollary,  that  a  greater 
or  less  demand  will  be  made  upon  respiration,  accord^ 
ing  to  the  degree  of  muscular  exertion  which  ah  animal 
may  undergo.  This  fact  has  been  established  by  ob- 
servation and  experiment.  It  has  been  found  that  die 
quantity  of  air  deteriorated  by  respiration,  in  a  given 
time,  will  vary  with  the  degree  of  exertion  made  by^he 
animal  confined  in  it.  Lavoisier  states  thai  b  'man^ 
under  ordinary  circumstances,  consumes  1900  t)r  1400 
cubic  inches  of  oxygen  in  an  hour,  but  he  fbunii'  flial 
if  he  is  engaged  in  raising  weights,  the  consumption  is 
at  the  rate  of  3300  in  the  hour.  The  practical  inference 
to  be  deduced  from  this  fact  is  obvious,  that  where  it 
is  an  object  to  oeconomise  the  oxygen,  we  should  re- 
main tranquil.  It  was  accordingly  observed  ia  the 
black  hole  at  Calcutta,*  diat  those  who  were  quiet  and 


^  For  an  account  of  this  aiHiilly  interesting  affiiir,  seemy  vork 
on  Medical  Jurtspmdence,  vol.  te.p.  50. 
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orderly,  suffered  the  least.  In  like  manner,  a  person 
who  &ll8  into  the  water  in  a  state  of  syncope  will  re- 
main a  much  greater  time  submerged  with  impunity, 
than  one  who  is  in  a  condition  to  exert  his  muscular 
enei^gies.  In  my  work  on  Medical  Jurisprudence  (Vol. 
J8.  p.  99.)  I  haTe  related  a  case,  from  Plater,  of  a  young 
woman,  who  having  been  condemned  to  be  drowned 
for  in&n^cide,  fainted  at  the  moment  she  was  plunged 
in  the  water,  and  having  remained  for  a  quarter  of  an 
hour  under  its-surfiuse,  recovered  after  being  drawn  out. 
588.  The  proportion  of  oxygen  consumed  by  respi- 
ration appears  moreover  to  be  influenced  by  the  nature 
of  the  diet.  The  quantity  of  carbonic  acid  emitted  at 
each  expiration,  and  consequently  that  of  oxygen  in- 
spired, varies  at  diflferent  periods  of  the  day,  and  pro- 
bably also  in  diffsrent  individuals;  it  appears  at  its 
maximum  during  digestion,  and  at  its  minimum  in  the 
morning,  when  the  stomach  is  empty,  and  when  no 
chyle  is  flowing  into  the  blood.  Dr.  Prout  has  shewn 
that  fermented  liquors  and  vegetable  diet  diminish  the 
proporticm  of  carbonic  acid,  and  that  the  same  thing 
happens  when  the  system  is  affected  by  mercury.  The 
influence  of  vegetable  diet  in  diminishing  the  call  for 
oxygen  has  been  very  satisfactorily  proved  by  the  ob- 
flMVBtions  of  IMr.  Spalding,  the  celebrated  diver,  who 
found  that  whenever  he  used  a  diet  of  animal  food  he 
consumed  in  a  much  shorter  time  the  oxygen  of  the 
atmospheric  air  in  his  diving-bell,  and  therefore  he  had 
learned  from  experience  to  confine  himself  to  a  vegeta- 
ble diet.  The  same,  eflfect  he  found  to  arise  from  the 
use  of  fiBrmented  liquors,  a  fact  in  apparent  contradic- 
tion with  the  observation  of  Dr.  Prout,  and  he  therefore 
drank  nothing  but  water,  while  he  followed  his  pro- 
fession* The  same  fact  is  well  known  to  the  Indian 
pearl-divers,  who  always  abstain  for  many  hours  before 
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their  descent,  from  every  species  of  food.  We  perceiTe 
therefore  that  in  certain  morbid  states  of  the  puhnonary 
organs  a  spare  vegetable  diet  should  be  strictly  en* 
forced. 

589.  It  is  probable  that  in  diflferent  diseases  the 
function  of  ^respiration  receives  various  modifications. 
An  investigation  of  this  subject  would  unquestionably 
afford  some  firesh  light,  but  Pathology  still  requires  this 
assistance  from  Chemistry. 

530.  The  quantity  of  pulmonary  transpiration  is 
^Iso  influenced  by  various  circumstances,  especially  the 
liquid  nature  of  the  food,  and  the  quantity  of  fluids 
taken  into  the  stomach.  I  have  paid  some  attention  to 
.this  circumstance,  for  it  admits  of  some  important  ap- 
.plications  to  practice.    In  humoral  Asthma  solid  foodj 

virith  a  diminished  quantity  of  liquids,  should  be  jMre- 
scribed.  The  same  regimen  v^ill  be  useful  in  excessively 
damp  weather,  when  the  air  is  incapable  of  carrying 
off  the  halitusJ* 

531.  Nor  does  the  watery  part  of  the  blood  alone 
escape  by  pulmonary  transpiration;  various  substances 
which  find  their  way  into  the  circulating  current  very 
soon  pass  out  by  the  lungs.  To  this  fact  many  Expec- 
torants are  indebted  for  their  efficacy,  and  I  have  as- 
sumed it  as  the  basis  of  a  new  classification  of  these 
remedies,  t  Garlic  and  various  foetid  gums,  when  in- 
troduced into  the  stomach,  are  soon  absorbed,  and 
being  transported  to  the  lungs,  they  pass  into  the 
bronchial  vessels,  and  may  be  recognised  by  th^ 
odour,  in  the  expired  air.  M.  Majendie  has  made 
many  experiments  by  injecting  various  substances  into 

*  This  suttject  has  beea  more  fully  considered  in  my  Phanna- 
cologla,  Edit.  6.  vol.  1.  p.  197,  &c. 

t  Pharmacologia,  vol.  1.  p.  192. 
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die  TeiBS ;  and  their  presence  has  been  afterwards  dis« 
covered  in  the  pulmonary  haliius. 

5SS,  After  the  ingenious  researches  of  Lavoisier, 
Laplace,  and  Dr,  Crawford,  animal  heat  was  consi- 
dered, exclusively,  aa  the  result  of  Respiration,  but. 
this  opinion  has  been  shaken  to  its  foundation  by  the 
experiments  of  Mn  Brodie.  Some  modification,  how* 
ever^  may  perhaps  be  admitted  that  will  reconcile  these 
conflicting  opinions ;  I  shall  therefore  present  to  the 
student  an  outline  of  the  Crawfordian  theory,  and  then 
explain  the  objections  to  which  it  is  exposed, 

5S3.  There  is  nothing  more  wonderftil  in  the  ani« 
mal  oeconomy  than  the  power  which  it  possesses  of 
maintaining  a  degree  of  heat  independent  of  that  by 
which  it  is  surrounded.  It  h^s  been  shewn  that  an 
inert  body,  when  placed  amongst  others,  very  soon 
assumes  the  same  temperature,  on  account  of  the  ten^ 
dency  of  caloric  to  an  equilibrium  (S81.)  The  body 
of  man,  however,  is  influenced  by  a  difierent  law ;  sur* 
rounded  by  bodies  pf  a  lower  degree  of  heat  than  itself, 
it  nevertheless  maintains  its  superior  temperature,  and 
when  placed  in  a  medium  hotter  than  itself,  it  resists 
its  heating  power  as  long  as  life  continues.  There  must 
exist  then,  in  the  animal  ceconomy,  two  difierent  and 
distinct  properties,*  the  one  of  generating  heat,  the  other, 
of  producing  cold. 

534.  It  had  been  observed,  that  in  different  animals^ 
the  superiority  of  their  temperature  to  the  surrounding 
air  is  greater  according  to  the  greater  size  of  their 
lungs ;  thus  the  respiratory  organs  of  birds,  compared 
with  their  size,  are  more  extensive  than  those  of  any 
other  animal ;  and  they  have  accordingly  the  greatest 
degree  of  animal  heat,  whence  it  had  been  inferred, 
(hat  respiration  is .  the  source  from  which  it  proceeds ; 
a  conclusion  which  Dr.  Black  confirmed  by  observing 
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the  analogy  between  tlus  procew  and  eombustioii,  'it| 
tbe  changes  which  are  eflfectidd  in  the  air. 

5S5.  Dr.  Graw£>rd  firBt  fully  explained  this  doc- 
trine, and  supported  it  by  a  series  of  most  ingenious 
experiments.  Vie  had  previously  shewn,  that,  in  gene- 
ral, when  inflammable  bodies  combine  with  oxygen 
gai«,  a  diminution  oi  capacity  (S88)  takes  place,  whence 
there  must  be  an  evolution  of  caloric ;  and  that  in  the 
combustion  of  charcoal,  when  carbonic  acid  is  formed 
from  the  combination  of  the  oxygen  with  carbon,  a 
large  quantity  of  caloric  is  rendered  sensible.  It  is 
evident  that,  since  in  respiration  a  similar  consumption 
of  oxygen  and  production  of  carbonic  add  take  place, 
there  must  be  a  similar  evolution  of  caloric.  He  further 
ascertained  by  ej^periment,  that  the  capacity  of  the 
blood  changes  when  it  passes  from  arterial  to  venous ; 
and  of  course  from  venous  to  arterial ;  that  of  arterial 
being  greater  than  that  of  venous  blood,  in  the  prc^iv 
tion  of  1  •  030  to  0-  892.  On  these  fiurts  Dr.  Crawford 
jfbunds  his  theory  of  animal  heat.  In  respiration  a 
quantity  of  oxygen  is  combined  with  carbon,  or,  as  he 
supposes  with  Hydro^carhon ;  and  carbonic  acid  is 
formed.  Caloric  must  be  evolved  in  consequence  of 
this  combination.  But  the  blood  is  at  the  s&me  time 
changed  from  venous  to  arterial,  and  by  this  change 
acquires  a  greater  capacity  for  caloric.  It  therefore 
takes  up  the  caloric  which  has  been  extricated  by  the 
combination;  so  that  any  rise  of  temperature  in  the 
lungs  which  would  be  incompatible  with  life  is  pre- 
vented. The  arterial  blood,  in  its  circulation  through 
the  extreme  vessels,  passes  again  into  the  venous  state, 
and  in  this  conversion,  its  capacity  for  caloric  is  di- 
minished, as  much  as  it  had  been  before  increased,  in 
the  lungs ;  the  caloric  therefore,  which  had  been  ab- 
sorbed is  again  given  out ;  and  this  <8low  and  constant 
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evolution  of  Jieat  in  the  extreme  vessel  over  the  whole 
body  is,  acoording  to  Dr.  Crawf<Nrd^  the  source  of  iu 
uniform  temperature.  Besides  the  experipi^nts  frqm 
which  thisi  theory  was  directly  deduced,  it  has  been 
fortified  by  others^  in  which  the  quantity  of  caloric 
rendered  sensible  by  an  animal  is  o^easured.  Dr* 
CSrawford,  and  Lavoisier  and  Laplace  found,  thai 
when  an  animal  is  confined  in  a  vessel,  so  contrived  aa 
to  measure  the  quantity  of  caloric  which  it  gives  to 
the  surrounding  medium  in  a  certain  time,  and  the 
quantity  of  oxygen  consumed  by  the  aniipal  in  that 
time,  this  quantity  of  caloric  corresponds  nearly  to  that 
evolved  firom  the  combustion  of  carbonaceous  matter, 
such  as  wax  or  oil,  in  the  same  quantity  of  oxygen* 

636,  It  must  be  acknowledged  that  this  theory  ba^ 
the  merit  of  beii^  altogether  independent  of  any  par^ 
licular  theory  of  leqpiration.  Whatever  may  be  the 
nature  of  the  difiereaces  between  venous  and  arterial 
UoQd^  whether  the  l^atter  contain  oxygen  or  not,  or 
whethfHT  the  former  hold  in  solution  hydro-carbon, 
earbouic  acid,  or  any  other  principle;  it  is  proved  by 
experinient,  that  the  blood  in  these  two  states  has  dif« 
ftrent  capacities  for  caloric;  and  on  this  fact,  the  ext 
planatioD.  of  the  origin  of  animal  temperature  is  mad^ 
lo  depend. 

$S7«  The  objection  to  this  theory  may  be  staled  in 
a  v^  few  words.— Mr.  Brpdie.  {PhU.  Trans*  1812,) 
found  that  the  heart  was  capable  of  retaining  its  func* 
tions  for  some  hours,  and  of  carrying  on  the  circulation, 
in  a  decapitated  animal,  and  consequently  indi^ndent 
of  the  influence  of  the  brain,  by  keeping  up  an  artifi* 
cial  respiration.  "Under  these  circumstances  it  was 
observed  that,  although  the  change  of  blood  from  the 
venous  to  the  arterial  state  was  perfect,  no  heat  was 
generated,  and  that  the  animal  cooled  regularly  an4 
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gradually  down  to  the  atmosphieric  standard.  *  In  mor^ 
^hiui  one  instance,  Mr.  Brande  examined,  at  his  re- 
quest, the  eacpired  air,  and  found  that  it  contained  as 
much  carbonic  acid  as  was  produced  by  the  healthy 
animal;  so  that  in  this  case,  the  circulation  went  on, 
there  Was  the  change  of  oxygen  into  carbonic  acid^ 
and  the  alteration  of  colour  in  the  bloodj  and  yet  no 
heat  whatever  appeared  to  be  generated.  But  the  ner- 
yous  influence  was  withdrawn;  that  mystierious  power 
which  appears  to  preside  over  all  the  phenomena  of 
the  animal  system,  and  to  present  an  insuperable  barritf 
to  the  completion  of  all  our  researches. 

538.  There  remains  to  be  considered  another  sub* 
ject  connected  with  animal  temperature,  which  cannot 
possibly  receive  an  explanation  from  the  theory  of  Dr. 
Crawford, — ^the  increased  heat  in  certain  local  diseases, 
in  which  the  temperature  of  the  part  exceeds,  by  seve* 
ral  degrees,*  that  of  the  blood  taJten  at  the  left  auricle, 
so  that  the  continual  renewal  of  the  arterial  blood  can* 
not  be  sufiicient  to  account  for  this  increase  of  heat. 
M.  Majendie  says  that  this  second  source  of  heat  must 
belong  to  the  nutritive  phenomena  which  take  place 
tn  the  diseased  part.  It  is  true  that  most  of  the  chemi« 
cal  combinations  in  the  body  furoduce  elemtions  of 
temperature,  and  it  cannot  be  doubted  that  both  in  the 
secretions  and  in  the  nutrition,  combinations  of  this 
nature  take  place  in  the  organs.  I  should,  however^ 
■ 

*  We  have  no  accurate  experiments  to  shew  the  extent  f» 
which  this  increase  of  temperatufe  is  carried*  There  is^  how^ 
ever,  a  cudous  commonicatipn  upon  ihfi  sulueci,  from  Br, 
Thomson^  in  the  8nd  volume  of  the  AnnaU  of  Philosophy^  in 
which  he  attempts  to  shew  the  quantity  of  heat  given  out  hj  a 
small  inflamed  gland  in  the  groin  \  and  it  appears  from  his  stated 
meiit  that,  in  the  course  of  four  days,  it  was  sufficient  to  have 
(raised  seven  pints  of  water  at  40«,  to  the  be&ling  poin|« 
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be  more  inclined  to  refer  the  pbaenomenon,  in  cades  of 
inflammation,  to  a  portictilar  state  of  the  n^rrons 
energy  of  the  afiected  part. 

539.  The  faculty  of  producing  cold,  or,  in  mors 
exact  terms,  of  resisting  heat^  is  certainly  capable  of  a 
complete  chemical  explanation,  from  the  increased 
evaporation  irhich  is  thus  produced  (SSS). 

540.  Nor  are  the  lungs  the  only  part  of  the  body 
^ich  is  acted  upon  by  the  air ;  the  skin  is  unquestion^ 
ably  influenced  by  it,  and  has  been  fimnd  to  exhale 
carbonic  acid.  Its  efiects  upon  ulcerated  sttdaces  are 
Tery  striking.  The  action  of  oxygen  upon  the  matter 
of  a  common  abscess  renders  it  more  acrimonious,  and 
the  benefit  which  is  derived  from  the  application  of 
Carbonic  acid  gas  to  cancers,  and  other  ulcers,  may  in 
some  measure  be  attributed  to  their  preventing  the 
access  of  oxygen,  and  its  union  with  the  secreted 
matter. 

Combustion. 

54L  The  phasnomena  of  combustion,  and  the  dis- 
tinclioA  of  bodies  into  combustible  or  inflammable^ 
and  incombustible  or  uninflammable,  are  sufficiently 
fiuniliar*  The  latter,  when  exposed  to  heat,  have  their 
temperature  raised,  and  that  in  proportion  to  the  de-^ 
gree  of  heat  applied  to  them ;  but  whenever  this  com- 
munication of  <raIoric,  from  an  external  source,  is 
stopped,  their  temperature  falls,  and  they  return  to 
their  former  state.  Combustible  bodies,  on  the  other 
hand,  when  heated  to  a  certain  extent,  b^in  to  suffer 
a  very  evident  change,  they  become  much  hotter  than 
the  surrounding  bodies,  emit  light  more  or  less  co- 
piously, and  appear  to  be  consumed,  or  rather  are  con- 
verted into  substances  ^altogether  new,  and  which  fre- 
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quenily  ate  not  apparent  to  the  senses.  It  is  this  rapi<| 
emission  of .  light  and  heat,  and  this  change  of  pio* 
perties,  and  apparent  loss  of  suhstances^  which  con- 
stitute th^  process  popularly  denominated  Cokbus- 
TiQV%  This  phenomenon  was  referred  by  Stahl  and 
tk^iflciples,  to  a  peculiar  principle  which  they  called 
Phlogiston,'  it  was  supposed  to  exist  ia  all  combus- 
tible bodies,  and  combustion  was  said  to  depend  upon 
its  s^Muration;  but  this  explanation  was  fd)8urdly  at 
variance  with  the  well  known  fact,  that  bodies  during 
combustion  ificrease  in  weight. 

MS.  Afler  the  discovery  of  oxygen  gas  and  the 
composition  of  the  atmosphere,  it  was  maintained  by 
Lavoisier  that  this  gas  was  the  universal  supporter  of 
combustion,  that  the  process  could  not  proceed  with- 
out its  presence,  and  that,  in  short,  it  was  nothing 
more  than  the  union  of  the  inflammable  body  with  the 
basis  of  the  gas,  in  consequence  of  which  the  h^  and 
light,  which  it  before  contained  in  its  aeriform  state, 
were  evolved  in  the  form  of  flame.  Recent  discoveries, 
however,  have  shewn  that  combustion  can  take  place 
without  the  presence  of  oxygen,  and  it  is  nowgenerdly 
admitted  that  it  does  not  depend  upon  any  peculiar 
principle  or  form  of  matter,  but  is  a  general  result  of 
intense  chemical  action.  It  may  be  connected  vrith 
the  electrical  energies  of  bodies ;  for  all  bodies  which 
act  powerfully  upon  each  other  are  found  to  be  in  the 
opposite  electrical  states  of  positive  and  negative  (409), 
and  the  evolution  of  heat  and  light  may  depend  upon 
the  annihilation  of  these  opposite  states,  which  happens 
whenever  they  combine. 
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543.  If  we  poiir  oil  of  Titriol  (sulphuric  acid)  upon 
common  ^ea  salt,  ^hite  fumes,  will  be  immediately  dis- 
engaged, df  an  extremely  acid  and  penetrating  odour; 
these  consist  of  muriatic  acid  gas  combined  with  a 
small  portion  of  atmospheric  moisture. 

544.  If  the  above  experiment  be  conducted  in  a 
retort,  the  neck  of  which  is  made  to  terminate  under 
the  surface  of  mercury,  the  pure  gas  may  be  collected 
in  jars ;  which  will  be  found  to  possess  all  the  mechani- 
cal properties  of  air.  Its  odour  is  pungent  and  pecu- 
liar, and  when  applied  to  the  skin  for  some  time,  will 
raise  blisters ;  its  specific  gravity  is  greater  than  that 
of  common  air,  being  about  1*278,  so  that  100  cubic 
inches  weigh  about  39  grains.  When  brought  into 
contact  with  the  atmosphere,  it  occasions  a  white 
cloud,  ih  consequence  of  its  union  with  the  hygrome- 
trie  water.  It  exjtinguishes  flame.  It  is  very  rapidly 
absorbed  by  water ;  a  drop  or  two  of  water  admitted 
to  ajar  full  of  this  gas,  causes  the  whole  of  it  instantly 
to  disappear.  According  to  Kirwan,  an  ounce  mea- 
sure troy  of  water  absorbs  800  cubical  inches  (i.  e.  421 
times  its  bulk,)  of  muriatic  acid  gas ;  and  the  water, 
by  this  absorption,  is  increased  about  one-third  its 
original  volume.  So  eagerly  does  this  acid  gas  seize 
water  that,  if  admitted  to  a  piece  of  ice,  it  liquefies 
with  the  rapidity  of  red-hot  iron.  It  is  in  this  state  of 
watery  combination  that  muriatic  acid  is  kept  for 
chemical  and  medicinal  purposes,  and  a  process  is 
accordingly  given  in  our  Pharmacopoeias  for  its  pre- 
paration. 

545.  By  acting  upon  muriate  of  ammonia  by  sul- 
phuric acid  in  a  closed  tube,  as  directed  for  the  con- 
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densation  of  carbonic  acid  {Exp.  68.)  mariadc  acid 
will  be  evolved,  and  liquefied,  when  it  will  appear  as 
a  colourless  liquid,  and  at  the  teinperature  of  50^  will 
require  a  pressure  of  40  atmospheres  to  counterbalance 
its  elastic  force. 

546.  The  water jf  solution  of  Muriatic  Acid  is  ob* 
tained  by  distilling  a  mixture  of  dilute  sulphuric  acid 
and  common  salt ;  the  most  (Economical  proportions  be* 
ing  38  parts  of  salts,  and  SO  of  sulphuric  acid,  diluted 
with  one-third  its  weight  of  water.  The  retort  contain- 
ing these  ingredients  may  be  luted  on  to  a  receiver, 
cqptaining  twice  the  quantity  of  water  used  in  diluting 
the  sulphuric  acid,  and  the  distillation  carried  on  in 
the  sand  bath,  the  heat  being  gradually  raised  until 
the  retort  becomes  red  hot. 

547.  The  liquid  muriatic  acid  thus  obtained  has 
the  following  properties.  Its  specific  gravity  is  about 
1*160.  It  emits  white  suffocating  fumes,  which  con- 
sist of  the  muriatic  acid  gas  rendered  visible  by  contact 
with  the  moisture  of  the  air.  When  heated  in  a  retort, 
the  gas  is  expelled  and  may  be  coUected  over  mercury. 
Upon  being  diluted  with  water,  an  elevation  of  temper* 
ature  is  produced,  much  less  however,  than  that  occa- 
sioned by  diluting  sulphuric  acid.  When  perfectly 
pure  it  is  colourless,  but  it  is  rarely  met  with  in  such 
a  state. 

548.  In  order  to  ascertain  the  quantity  of  real  acid, 
in  liquid  acid  of  various  specific  gravities,  Dr.  Ure 
has  furnished  us  with  the  following  simple  Formula* 
Multiply  the  decimal  part  of  the  number  denoting 
the  specific  gravity  by  147  j?  the  product  will  be  nearly 
the  per-centage  of  dry  acid;  or^  when  we  wish  to  learn 
the  per'Centage  of  acid  gasy  the  multiplier  must  be 
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'    JBxamptef^The  specific  gravity  being   I'ltiO,  as 
directed  in  the  Pharmacopoeia ;  required  the  pro* 
portion  of  dry  acid  in  lOQ  parts. 
0*  160xl47=23*  520=real  acid. 

or 
©•  leOx  197=31  •  520=acid  gas. 

549.  Few  subjects  in  chemical  science  have  giren 
rise  to  a  keener  controversy  than  that  which  regards 
the  chemical  composition  of  Muriatic  acid.  But  as 
'the  student  cannot  possibly  understand  the  merits  of 
this  question,  until  he  is  made  acquainted  with  the 
singular  body  which  arises  from  its  decomposition,  or 
which  is  formed  by  its  combination  with  oxygen,  the 
history  of  Chlorine  must  be  first  investigated. 

Chlorine,  or  Oxt-muriatic  Acin. 

550.  If  Muriatic  acid  be  mixed  with  the  black 
oxide  of  Manganese,  and  heated  over  a  lamp  iii  a  glass 
retort,  gas  is  copiously  evolved,  and  may  be  collected 
over  warm  water.  As  it  is  absorbed  by  cold  water,  it 
cannot  long  be  retained  over  that  fluid.  It  may  also 
be  procured  from  a  mixture  of  8  parts  of  common  salt, 
3  of  oxide  of  manganese,  4  of  water,  and  5  of  sulphuric 
acid. 

551.  This  gas  has  the  following  properties  : 

I.  It  has  a  yellowish  green  colour;  a  property 
which  suggested  its  name,  from  x^f^y  green.  Its 
4Hiour  is  pungent  and  aufibcatii^,  and  its  action  on 
the  lungs  is  not  only  extremely  painfiil,  but  highly  in« 

jurious.*     Its  specific  gravity  exceeds  that  of  common 

""^^■^^^"^^^^"^■^^■^■^'^^^■^"^^■^^^""""^^^^■■^■™^"^~— ^^""•^— *— ^— ^— i^^-»i^»^— ^^— ^— ^»— ••^.^^^ 

*  The  death  of  the  iDgenious  Pelletier  was  occasioned  by  his 
accidentally  inhaling  a  large  portion  of  this  gas.  A  consump- 
tion was  the  consequence,  i^ich  in  a  short  time  proved  fata). 
-The  vapour  of  Ether,  or  Ammoaia,  appears  the  best  tetidote. 
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air,  being  according  to  Davy  as  9*5062  is  to  1000,  so 
thai  100  cubic  inches  weigh  about  77  grains. 

2.  li  supports  Combustion. — ^When  a  burning  taper 
is  introduced  into  a  vessel  of  this  gas,  the  fltoie  becomes 
red,  a  dense  smoke  arises,  and  the  taper  is  soon  ex- 
tinguished. Phosphorus,  however,  takes  fire  the  mo- 
ment it  is  introduced,  and  bums  vehemently;  and 
many  of  the  metals,  when  brought  in  a  finely  divided 
state  into  contact  with  this  gas,  bum  with  great  bril- 
liancy. Here  then  are  examples  of  combustion  with- 
out the  presence  of  oxygen ;  and  Chlorine  accordingly 
must  be  r^^ded  as  a  supporter  of  it.  Its  natural  or 
inherent  electricity  is  also,  like  oxygen,  negative^  and 
is  therefore  attracted  by  the  positive  pole.  The  phs- 
nomena  which  arise  from  its  union  with  combustible 
bodies  constitute  some  of  the  most  brilliant  and  strik- 
ing experiments  in  chemistry,  viz. 

Exp.  73. — ^Into  a  jar  of  Chlorine,  suspend  a  piece  of 
Dutch  metal,  or  copper-foil ;  it  will  immediately 
inflame,  and  the  combustion  will  continue,  until 
the  whole  is  consumed. 

Esfp.  74. — ^Project  into  ajar  of  this  gas,  pondered 
Antimony,  Arsenic,  or  Bismuth ;  the  metal  will 
inflame,  and  fall,  in  a  shower  of  fire,  to  the  bottom 
of  the  vessel.  In  order  to  ensure  the  success  of 
such  experiments  the  temperature  of  the  gas  should 
not  be  under  70^. 

• 

3.  li  destroys  Vegetable  colours.  H^nce  its'iqipli- 
cation  to  the  purpose  of  bleaching.  This  effect  may 
be  easily  witnessed  by  introducing  any  coloured  liquid 
into  a  jar  fiUed  with  the  gas.  If,  however,  the  gas  be 
perfectly  dry,  and  every  source  of  moisture  is  avoided, 
no  change  of  colour  will  ensue.  The  decolorising 
power  of  this  body  depends  upon  its  power  of  trans- 
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'ierring  cncygen  to  die  coloured  body ;  the  manner  in 
which  this  is  effected  will  be  considered  hereafter. 

4.  Its  Hydrate  concretes  nt  4Sfi  Fah.  When  a 
receiver,  filled  with  thid  gas,  not  artificially  dried,  is 
surrounded  by  snow,  or  pounded  ice,  the  gas  forms 
on  its  inner  surface  a  solid  concretion,  of  a  yellowish 
colour,  resembling,  in  its  ramifications,  the  ice  which 
is  deposited  on  the  surface  of  windows  during  a  frosty 
night.  By  a  moderate  increase  of  heat,  such  as  to  50^ 
Fah^  this  crust  melts  into  a  yellowish  oily  liquid, 
which,  on  a  farther  elevation  of  temperature,  passes  to 
the  state  of  a  gas.  Before  this  substance  was  shewn 
by  Sir  H.  Davy  to  contain  water,  it  was  considered  as 
the  gas  itself  reduced  into  a  concrete  form. 

5.  It  is  condensable  into  a  liquid^  at  60^,  by  a  preS' 
sure  of  four  atmospheres.  For  this  &ct  we  are  in- 
debted to  Mr.  Faraday.  The  result  may  be  obtained 
either  by  heating  the  hydrate  in  a  glass  tube  hermeti- 
cally sealed,  or,  by  compressing  the  gas  itself,  in  a 
long  tube  by  means  of  a  condensing  syringe. 

6.  Chlorine  Gas  is  absorbed  by  water.  This  takes 
place  but  slowly,  if  allowed  to  stand  over  it  quiescent, 
bnt  rapidly,  if  agitation  be  employed ;  at  the  tempera- 
ture  of  60^  Fah.  water  dissolves  about  double  its  vo- 
lume, and  acquires  a  strong  acrid  taste  and  a  disagree- 
able smell ;  it  possesses  also  the  property  of  discharging 
vegetable  colours.  When  exposed  to  the  direct  rays 
of  the  sun,  oxygen  is  obtained,  and  the  chlorine  passes 
to  the  state  of  muriatic  acid. 

552.  The  next  question  for  our  consideration  is. 
What  is  Chlorine  ?  Is  it  an  elementary  body,  or  a  com- 
pound ?  Scheek,  by  whom  it  was  discovered  in  1774, 
considered  it  as  an  element  of  the  muriatic  acid,  and 
hence  called  it  dephogisticated  marine  acid.  Lavoisier 
and '  Berthollet,  however,  asserted  that  it  was  a  com- 
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pound  of  muriatic  acid  gas  and  oxygen^  and  the  partis 
sans  of  this  theory  accordingly  assigned  to  it  the  name 
of  Oxy'muriatic  acid^  This  opinion  was  natuially 
deduced  from  the  fact  that  all  bodies  which  are  <»pa- 
ble^  by  their  action  on  muriatic  acid^  of  producing 
Chlorine,  contain  oxygen,  and  that  their  proportion  of 
oxygen  is  diminished  by  the  process.  Sir  H.  Da^y, 
however,  assisted  by  the  researches  of  Gay-Lussac^ 
,and  Thenard,  has  formed  a  very  different  theory,  in* 
stead  of  considering  muriatic  acid  as  the  undecomposed 
body,  and  Chlorine,  or  oxy-muriatic  acid,  as  its  com- 
bination with  oxygen,  he  regards  Chlorine  as  the  ele- 
mentary body,  and  Muriatic  acid  as  the  result  of  its 
union  with  hydrogen.  To  convert  the  latter  therefore 
into  the  former,  we  have  only,  according  to  this  view, 
to  abstract  hydrogen  from  the  muriatic  acid;  tliis,  it 
is  believed,  is  effected  by  treating  it  with  metallic 
oxides,  the  oxygen  of  which  combines  with  the  hydro- 
gen and  forms  water.  Again,  to  convert  chlorine  into 
muriatic  acid,  we  have  only  to  supply  it  with  hydro- 
gen, which  may  be  derived  from  the  decomposition  of 
water. 

553.  It  is  not  a  little  curious  to  observe  how  satis- 
factorily the  phenomena  of  chlorine  may  be  explained 
on  either  of  these  theories ;  and  the  question  ai  last  has 
been  only  decided  by  some  experimental  refinements, 
the  examinatioii  of  which  can  scarcely  fall  within  the 
compass  of  an  elementary  work.*  I  shdl  merely  observe 

*  See  a  controversial  paper  upon  this  subject  in  the  S4tb 
volume  of  Nicholson's  Journal ;  and  a  paper  by  Sir  H.  Davy  in 
Ihe  Phil.  Trans,  for  1818,  p.  09.  The  reader  may  also  refer  to 
the  8th  volume  of  the  Transacttom  of  the  Ro  jal  Society  «f 
Edinhurshi  the  Aanals  of  Pbthwophy,  xii.  879,  aad  xni.  8C 
885»  and  to  a  paper  by  Mr.  R.  Phillips,  in  the  new  series  of  that 
work,  vol.  1.  p.  87,  On  the  Action  of  Chlorides  oa  Water. 
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that  thts  theoiy,  which  assigns  to  ichloiine  the  characters 
of  an  element,  is  that  which  affords  the  most  satisfac* 
tory  explanation  of  the  phsenomena. 
-  554.  In  all  those  cases  in  which  chlorine  appears  to 
impart  oxygen,  as  in  the  operation  of  bleaching,  &o. 
water  is  decomposed,  the  hydrogen  of  which  com- 
bines with  the  chlorine  to  produce  muriatic  acid,  and 
the  oxygen  is  thus  evoWed. 

555.  If  the  watery  solution  be  exposed  to  light, 
oxygen  will  be  evolved,  and  the  chlorine  will  pass  to 
the  state  of  muriatic  acid ;  this  was  explained,  on  the 
former  theory,  by  supposing  that  the  oxy-muriatic  acid 
at  once  yielded  its  oxygen ;— on  the  latter,  by  assuming 
that  the  water  is  decomposed. 

556*  According  to  the  modern  theory.  Muriatic 
acid  consists  of  equal  volumes  of  Chlorine  and  Hydro- 
gen, and  has  been  therefore  called  Hj/drO'Chloric 
acid;  accordingly,  th^  simple  mixture  of  one  measure 
of  each  of  those  gases,  when  exposed  for  a  short  time 
to  the  sun's  rays,  affords  two  measures  of  muriatic 
9cid  gas.  But  this  phaenomenon  admits  also  of  ex- 
planation upon  the  former  hypothesis,  in  which  case 
we  have  only  to  suppose  the  hydrogen  to  combine  with 
the  oxygen  of  the  oxy-muriatic  acid  gas,  and  to  leave, 
the  muriatic  acid. 

557.  Chlorine  combines  at  once  with  the  metals, 
without  requiring,  like  the  acids,  that  they  should  be 
in  the  state  of  an  oxide ;  but  this  will  be  fully  con- 
sidered under  the  history  of  Salts.  The  compounds 
which  it  forms  with  various  bases  are  termed  Chlorides. 

558.  Chlorine  and  Oxygen  are  capable  of  existing 
in  combination,  and  they  form  peculiar  bodies ;  to  the 
first  of  which  the  name  of  Protoaide  of  Chlorine^  or 
from  its  brilliant  yellow  green  coloui*,  that  of  Etuchlo^ 
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fine  has  been  given.  It  exists  in  a  gaseous  state  and 
explodes  by  a  gentle  heat.  It  appears  to  be  con- 
stituted of  one  atom  of  chlorine  and  one  atom  of  oxy- 
gen. To  the  second  compound,  the  name  of  Deut' 
oxide  J  or  Peroxide  of  Chlorine  has  been  assigned.  It 
consists  of  one  atom  of  chlorine  and  four  atoms  of  oxy- 
gen. These  bodies  have  no  peculiar  points  of  interest 
to  the  medical  student,  we  therefore  pass  to  a  third 
compound  of.  Chlorine  and  oxygen,  viz,  Hyperox]/* 
muriatic^  or  Chloric  Acid. 


Chloric  Acid. 

559.  This  acid,  which  consists  of  one  atom  of  Chlo- 
rine and  five  atoms  of  oxygen,  cannot  exist,  indepen- 
dent of  water  or  some  base.  It  may  be  prepared  by 
passing  a  current  of  chlorine  through  a  mixture  of 
oxide  of  silver  and  water.  Chloride  of  silver  is  pro- 
duced, which  is  insoluble,  and  may  be  separated  by 
filtration.  The  excess  of  Chlorine,  which  the  filtered 
liquor  contains,  is  separable  by  heat,  and  the  Chloric 
acid  dissolved  in  water  remains.  It  has  no  sensible 
smell,  but  its  taste  is  very  acid,  and  it  reddens  litmus 
without  destroying  the  colour.  When  concentrated  it 
has  something  of  an  oily  consistency.  It  combines 
with  various  bases,  and  forms  ChorateSy  an  interesting 
class  of  salts  formerly  known  by  the  name  of  Hyper^ 
oxygenized'^muriatesy  or  Oxy 'muriates. 


IODINE. 

560.  This  elementary  body  was  accidentally  dis- 
covered, in  1812,  by  M.  de  Courtois,  a  manufacturer 
of  saltpetre  at  Paris.    In  bis  processes  for  procuring 
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Boda  fix)m  the  ashes  of  Sea-we^ds,  he  found  the  metallic 
vessels  much  corroded ;  and  in  searching  for  the  cause 
of  the  corrosion,  he  made  this  important  discovery. 

561.  It  may  be  procured  by  the  following  process^. 
Dissolve  the  soluble  part  of  incinerated  sea -weed 
(Kelp)  in  water ;  evaporate  the  lixivium  until  a  pelli- 
cle forms,  and  set  aside  to  crystallize.  Evaporate  th^ 
mother  liquor  nearly  to  dryness,  and  pour  upon  the 
mass,  half  its  weight  of  Sulphuric  acid.  Apply  a  gentle 
heat  to  this  mixture  in  a  glass  alembic  :  fumes  of  a  vio* 
let  colour  arise  and  condense  in  the  form  of  opaqtie 
crystals,  having  the  aspect  of  Plumbago.*  These  are 
solid  Iodine.  To  purify  it  from  the  redundant  acid, 
that  comes  over  with  it,  it  may  be  redistilled  from 
water  containing  a  very  small  quantity  of  potass,  and 
afterwards  dried  by  pressing  it  between  folds  of  blot- 
ting paper. 

502.  Iodine  is  a  solid  at  the  ordinary  temperature  of 
the  atmosphere ;  it  has  a  metallic  lustre  and  is  soft  and 
friable;  its  specific  gravity  is  4*946.  Its  smell  resem^ 
bles  that  of  diluted  chlorine;  its  taste  is  acrid.  It  stains 
the  skin  yellow.  At  a  Cenftperature  between  60^  and 
80%  it  produces  a  violet  vapour,  and  hence  its  n^me 
(from  Ww  vioiaceus).  At  120*^  or  ISO*  this  vapour 
rises  more  rapidly.  At  220*  it  fuses,  and  produces  co- 
pious violet  colour  fumes,  which  condense  in  brilliant 
plates  and  acute  octohedrons.  Like  Chlorine  an4 
Oxygen  it  is  electro-negative  ;  and  therefore  attracted 
by  the  positive  surface  of  the  Voltaic  pile.  It  is  also  a 
supporter  of  combustion,  which  may  be  shevm  by  im- 


«  Several  other  processes  have  been  proposed  for  its  prepara- 
tion. To  those  nho  are  desirous  of  gaiuing  farther  informatioa 
Hfpa  the  subj^^t  I  stn>Bgly  recomrooDd  the  perusal  of  the  article 
Iodine^  in  Dr.  Uru's  Chemical  Dictionary,  Sud  Edition. 
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mersing  a  piece,  of  the  metal  called  Potassium  in  its 
▼apour,  when  it  will  inflame  and  bum  with  a  pak 
blue  light.  Phosphorus  also  bums  under  similar  cir- 
cumstances. It' Tenders  yegetable  colours  yellow.  It 
is  very  sparingly  soluble  in  water,  that  liquid  not  hold- 
ing more  than  ytw  i^  weight  in  solution.  It  is  much 
.more  soluble  in  spirit.  As  a  chemical  test  this  solution 
.is  highly  Taluable  to  the  chemist,  as  it  forms,  with  a 
.dilute  solution  of  Starch,  a  yery  beautiful  blue  com- 
.pound  which  eventually  precipitates. 

563.  Although,  according  to  the  just  logic  of  chem- 
istry, a  body  must  be  rqrarded  as  elementary  until  i( 
is  decomposed,  still  .when  we  discover  the  high  atomic 
Aumber  of  Iodine  =  125,  it  seems  reasonable  to  believe 
that  future  discovery  will  prove  it  to  be  a  compound. 

564.  In  its  relations  to  other  bodies,  Iodine  presents 
some  striking  analogies  to  Chlorine.  With  Hydrogen 
it  forms  an  acid  of  isome  interest  to  the  medical. prac- 
titioner, as  its  saline  combinations  have  been  lately 
proposed  as  remedies. 

Hydriodic  Acin. 

565.  Under  ordinary  circumstances  Hydrogen  and 
Iodine  exert  a  slow  ai^tion  upon  each  other,  but  when 
the  former  is  presented  to  the  latter  in  a  nascent^  state, 
they  readily  unite,  and  produce  a  gaseous  acid,  the 
Hydriodic  Acid. 

566.  It  is  prepared  by  the  action  of  moist  locjine 
upon  Phosphorus,  and,  as  it  is  absorbed  by  water,  it 
must  be  received  over  Mercury.  It  is  colourless,  very 
sour,  and  smells  like  muriatic  acid.  With  bases  it 
forms  a  class  of  Salts  termed  Hydriodates. 

»  *  Thii  term  is  used  to  express  the  condition  of  a  gas  at  the 
moment  it  is  disengaged  from  a  solid  combination. 
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567.  It  is  in  the  state  of  Hydriodate  of  potass,  that 
Iodine  exists  in  sea  "weeds,  and  since  it  is  a  cfeliques* 
cent  salt^  it  remains  in  the  mother  liquor^  after  separa- 
ting the  caibonate  of  soda  and  other  salts  by  crystal- 
lization* 


NITRIC  ACID. 


568.  If  we  distill  together  equal  we^hts  of  Nitre 
and  Oil  of  Vitriol  (Sulphuric  acid)  in  a  glass  retort,' 
connected  with  a  tubulated  recerrer,  which  is  made  to 
pass  into  a  bottle,  as  represented  in  the  annexed  cut, 
we  shall  obudn  this  acid,  and  be  enabled  to  observe  tb? 
phsenomena  which  attend  its  production. 


569.  In  this  process  the  nitric  acid  is  separated  from 
its  combination  with  potass,  in  which  state  it  exists  in 
the  nitre,  by  the  superior  affinity  of  the  sulphuric  acid 
for  the  potass.    The  nitric  acid  thus  disengaged  is 
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volatilized  by  the  h^at  and  carried  oyer  into  the 
receiver^  wKere  it  ia  condensed,  and  collected  in  the 
bottle  to  which  it  is  attached*  The  phenomena  which 
accompany  the  distillation  will  yary  in  some  measure 
with  the  quantity  of  Sulphuric  acid  employed ;  if  this 
be  less  than  that  directed  by  the  London  College^  as 
soon  as  the  materials  are  heated,  orange  yellow  vapours 
are  disengaged,  which  ki  a  short  time,  as  the  heat  in- 
creases, become  paler,  and  continue  so  until  the  in- 
gredients in  the  retort  are  nearly  dry  and  the  heat  is 
augmented  to  500^ ;  when,  owing  to  a  partial  decompo- 
sition, which  will  be  hereafter  ej^plained  (589),  the  red 
fumes  will  reappear,  and  a  quantity  of  oxygen  gas  will 
be  liberated.  The  liquid  acid  in  the  receiver  will  also 
deepen  in  colour,  and  present  the  iqppearance  of  an 
orange  coloured  liquid.  If,  however,  the  proportion  of 
Sulphuric  acid  be  greater,  the  same  decomposition  wiU 
not  take  place  until  the  process  is  nearly  completed, 
and  a  paler  liquid  will  be  found  in  the  receiver.* 
After  the  operation  the  retort  will  contain  a  salt  com- 
posed of  the  sulphuric  acid,  employed  as  the  decom* 
posing  agent,  and  potass  the  base  of  the  nitre. 

570.  Nitric  acid  thus  obtained^  and  purified  by 
cohobation  (182.)  is  a  limpid,  or  straw  coloured  fluid 
having  the  specific  gravity  of  1*5,  it  emits  white  fumes 
when  exposed  to  the  air ;  its  taste  is  extremely  sour 
and  corrosive,  and  the  skin  is  indelibly  stained  of  a 
yello\i^  colour  by  it.   When  of  the  specific  gravity  1  •  42 

*  Tile  manufacturer,  who  prepares  Nitric  acid  upon  the  large 
scale,  instead  of  the  glass  apparatus  ahove  described,  employs 
distillatory  vessels  of  stone  ware.  Nitric  acid  was  first  obtained 
by  Ray^uand  ^ully,  in  the  13lh  century,  by  distillhiga  mUfure 
of-  nitre  and  clay ;  a  process  still  employed  on  the  coaiiaeBt 
l^he  name  Nitric  acid  w9S  given  .to  it  in  1787,  by  the  Fjceocl| 
Chcmisis. 
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ii  boils  at  S48^,  tod  may  be  ^fistilled  oybt^  without  any 
essential  change,  but  if  it  be  weaker  than  this,  it  gtdns 
strength  by  ebullition^  whereas,  if  it  be  stronger^  i^  be- 
comes weaker  by  the  operation,  so  that  all  the  rarieties 
of  this  acid,  by  sufficient  boilings  are  brought  to  the 
specific  gravity  t  *  4S.  When  strong  nitric  acid  is  ex- 
posed to  the  air  it  absorbs  a  portion  of  its  hygrometric 
water,  and  becomes  weaken  When  two  parts  of  it  are 
suddenly  mixed  with  one  of  water,  an  eleyation  of 
temperature  is  produced  to  about  919^,  By  exposm^ 
to  the  light  <^  the  sun^  it  becomes-  at  first  of  a  pale 
straw  colour,  which  gradually  deepens  until  it  assumes 
that  of  a  deep  cnrange.  In  this  dtate  it  is  usually,  al- 
though, as  we  shall  hereafter  see^  very  incorrectly  term- 
ed Nitrous  Add^  or  in  Commercial  language,  Aqua 
Fartis. 

57L  The  most  remarkable  chemical  character  of 
this  acid  depends  upon  the  readiness  with  which  it 
yields  a  portion  of  the  oxygen  which  enters  into  its 
composition.  llence  it  is  rapidly  acted  upon  by  all 
combustible  bodies ;  sugar,  alcohol,  charcoal,  &c.  ex- 
cite the  most  violent  action,  accompanied  with  the 
evolution  of  copious  red  fumes.  If  cert^n  essential 
oils,  as  those  of  Turpentine  and  Cloved,  be  suddenly 
poured  into  this  acid,  the  mixture  will  instantly  take 
fire. 

572.  Real  or  dry  nitric  acid  can  only  exist  in 
combination  with  some  base  $  the  strongest  liquid 
acid,  which  has  been  teamed  ffj/drO'iiitriQ  acid,t  that 

f  The  prefix  Eydro^  to  denote  the  presence  of  water,  although 
employed  by  our  ablest  chemists,  is  in  discordance  with  the  Just 
principles  of  chemical  nomenclature.  On  other  occasions  it  is 
used  te  express  the  presence  of  Hydrogen,  sod  ought  to  be  re* 
to  that  pnrpote. 
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can  be  obtained,  contains  at  least  85  per  cent,  of 
water; 

5T3.  Extraordinary  as  the  fact  may  appear,  the 
same  elements  which  constitute  ""the  air  we  breathe, 
when  combined  in  different  proportions,  form  the 
highly  acrid  body  which  we  are  now  considering.  For 
this  discovery  we  aiie  indebted  to  the  unriyalled  genius 
df  Mr.  Cavendish,  who  furnished  us  with  a  syntheticd 
demonstration  of  its  ti*uth.  Having  passed  electric 
sparks  through  a  portion  of  atmospheric  air,  of  through 
a  mixture  of  one  part  of  nitrogen  and  two  of  o'xygenf, 
confined  over  mercury,  he  observed  that  after  some 
time  the  mixture  diminished  in  bulk,  and,  on  admit* 
ting  a  little  water,  an  acid  solution  was  obtained 
which  afforded  crystals  of  nitre  when  saturated  with 
potass. 

574.  When  nitric  acid  is  passed  in  vapour  through 
an  ignited  tube  it  is  resolved  into  oxygen  gas,  which 
may  be  collected  in  the  usual  manner,  and  nitrous  acid 
gas,  a'  compound  which  will  be  hereafter  considered. 

575.  According  to  the  most  accurate  experiments, 
nitric  acid,  in  its  dry  state,  may  be  regarded  as  com- 
posed of  one  proportional  of  Azot,  or 
nitrogen,  and  five  proportionals  of  oxy- 
gen, and  may  therefore  be  represented  by 
the  annexed  symbol.  It  will  be  seen 
therefore  that  its  representative  number 
willbe(5X8-|-14)  54. 
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576.  Nitrogen  combines  also  with  other  proportions 
of  oxygen  than  that  above  seated,  and  gives  origin  to  a 
Aeries  of  compounds,  the  history  of  which  is  so  inti-i 
fnateiy  connected  with  that  of  nitric  ac^d,  tliat  U  will 
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» 

be  impoBSiblc  for  the  student  to  comprehend  the  changes 
which  this  latter  body  undeigoes,  without  a  perfect 
knowledge  of  the  former ;  we  shall  therefore  proceed 
Ui  their  inyestigatioh. 


Nitrous  Oxidb. 

577.  If  we  distil  the  salt  called  Nitrate  of  Ammo* 
fria,  at  a  temperature  of  about  4S0°,  this  gaseous  com- 
pound will  pass  over,  and  may  be  collected  over  water: 
OT)  the  same  gas  may  be  procured  by  exposing  com- 
mon nitroiis  gas  for  a  few  days  to  iron  filings,  or  to 
various  other  bodies  which  hare  a  strong  attraction  fdr 
oxygen.  The  theory  of  this  change,  and  that  which 
will  explain  the  conversion  of  the  different  compounds 
into  each  other,  cannot  be  understood,  until  after  the 
nature  and  composition  of  these  combinations  have 
been  described. 

578.  Nitrous  oxide  has  the  following  properties. 
It  is  considerably  heavier  than  common  air;  100  cubic 
inches  weighing  between  48  and  49  grains.  It  supports 
combustion  with  considerably  greater  energy  than  at- 
mospheric air.  Animals,  when  wholly  confined  in  this 
gas,  die  speedily.  Its  most  extraordinary  property, 
however,  is  evinced  in  its*  action  on  the  human  body^ 
and  we  are  indebted  to  Sir  H.  Davy  +  for  a  very  curious 
series  of  experiments  which  were  instituted  with*  a  view 
to  ascertain  its  effects.  When  inspired  from  an  oiled 
silk  bag,  it  does  not  prove  fatal,  in  consequence  of  the 
atmospheric  air  present  in  the  lungs,  with  which  it 
mixes  and  is  diluted;  but  it  occasions  highly  plea* 

f  Researches  Chemkal  and  PhiloBophicaly  chiefly  conceming 
}ifilroiis  Oxide,    London,  IttOp. 
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Bunible  8ennuiong|  diflfering  in  iatenmty  according  to 
the  temperament  of  the  persoa  under  experiment  s  but^ 
in  general)  they  have  been  compared  to  those  attendant 
on  the  early  period  of  intoxication ;  great  exhilaration^ 
an  irresistible  propensity  to  laughter,  a  rapid  flow  of 
vivid  ideas,  and  an  unusual  fitness  for  muscular  exer- 
tion, are  the  ordinary  feelings  which  it  is  said  to  pro- 
duce; and  it  is  farther  stated  that  these  sensations  are 
not  succeeded)  like  those  accompanying  the  grosser 
elevation  from  fermented  liquors,  by  any  subsequent 
exhaustion. 

579*  By  detonating  this  gas  with  hydrogen^  audi 
examining  the  products,  we  are  enabled  to  infer  its 
composition.  If,  for  instance,  one  volume  of  the  former 
be  fired  with  one  of  the  latter,  water  is  formed,  and  one 
volume  of  nitrogen  remains*  Now,  since  one  volume 
of  hydrogen  takes  half  a  volume  of  oxygen  to  form 
water,  nitrous  oxide  must  consist  of  two  volumes  of 

nitrogen  and  one  volume 
of  oxygen;  these  three  vo- 
lumes being  so  condensed, 
.  in  consequence  of  chemi- 
cal union,  as  only  to  fill  the  space  of  two  volumes. 
Its  composition  is  justly  represented  by  the  annexed 
diagram,  and  its  representative  number  will  accordingly 
be  (14-(-8)  =:  28.  It  is  condensable  into  a  liqui<i^ 
but  requires  for  that  purpose  a  preseure  of  50  atmos* 
pheres. 

NiTBIG  OxiDB,  or  NlTAOUS  GA8« 

580  To  produce  this  gas  we  must  introduce  some 
copper  filings  into  a  gas  bottle  containing  nitric  acid, 
diluted  with  thrice  its  bulk  of  water ;  an  action  Itnme- 
diately  ensues,  red  fumes  are  produced,  and  gas  is 
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abundantly  liberated,  which  may  be  collected  in  the 
usual  manner  oyer  watef  • 

581.  The  gas  thus  obtained,  when  well  washed,  does 
not  exhibit  any  acid  characters ;  if  a  j^rtion  of  carbo* 
nate  of  ammonia  be  suspended  in  a  muslin  bag  in  the 
iflterior  of  a  jaT  conuUning  it,  no  action  Will  ensue. 
It  extinguishes  most  burning  bodies,  but  phosphorus, 
or  charcoal^  readily  burfts  in  it^  if  introduced  in  a  stkte 
of  intense  ignitioti.  It  is  Irather  heavier  than  common 
tfir ;  100  cubic  inches  weighing  S2  graini. 
*  SSS*  At  high  temperatut-es  it  undergoes  decompo- 
sition by  the  action  of  some  of  the  metals.  One  vo* 
lume  of  nitric  oxide  is  by  these  m^uis  resolved  ihto 
equal  volumes  of  oxygen  and  nitrogen^  the  annexed 

symbol  will  therg«> 
fore  afford  a  just  re* 
presentation  of  ks 
composition. 

'  683.  The  tttOdt  vetnatkable  property  of  this  gas  is 
the  change  whi<$h  it  Undergoes  on  admixture  with  oxy« 
gen*  gas ;  Hed  fumes  arise ;  heat  is  evolved,  and  a  dimi- 
ntitlon  of  voluibe  takes  place.  The  same  appearances 
ensile,  less  remaritably,  with  atmospheric  air ;  and  the 
c&ikitlution  in  tolume  will  correspond  with  the  quantity 
of  oxygen  present ;  and  hence  the  use  of  this  gas  in 
eudiometry,  (fids.)  If  this  experiment  be  conducted 
in  a  vessel  containing  &  bag  of  carbonate  of  animonia, 
we  riiall  perceive  that  an  eifervescence,  indicating  the 
presence  of  an  acid,  takes  place  on  the  admixture  of 
the  gases.  A  new  comi>ound  (Nitrous  Acid)  has  there^ 
fore  been  formed,  which  we  have  next  to  investigate. 
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Nitrous  Acid. 

584.  When  two  measures  of  nitrous  gas  and  one  of 
oxygen,  both  freed  from  moisture,  are  mixed  tof^ether 
kk  a  vessel  previously  exhausted  of  air,  they  .are  coa* 
densed  into  half  their  volume,  and  form,  a  deep  orange 
coloured  elastic  fluid,  which  has  been  called  Nitrous 
acid  gas.  As  it  is  absorbed  by  water,  it  dist^pears  oa 
the  admixture  of  its  gaseous  components  over,  water, 
as  we  have  ah'eady  seen*  It  is  also  absorbed  by  quick- 
silver. 

585.  This  gas  supports  the  combustion  of  a  taper, 
of  phosphorus,  and  of  charcoal,  but  extinguishes  sui<« 
phur.   The  annexed  symbol  represents  its  composition ; 

for.  we  have  seen  that  mtn 
ric  oxide  is  composed  of 
equal  volumes  of  nitrogen 
and  oxygen,  and  one  ad- 
ditional volume  of  oxy** 
gen,  or  two  propovtiooi^s* 
by  weight,  ans  added  to 
form  nitrous  acid,  which  therefcH-e  consists  of  one  atom 
of  nitrogen  and  four  of  oxygen ;  and  consequently  its 
representative  number  will  be  46.        . 

586.  Amongst  the  variety  of  chemical  evidence  whidi 
may  be  adduced  in  proof  of  the  composition  of  nitnc 
oxide,  and  nitrous  acid,  there  is  none  which  is  more 
simple  and  satisfactory  than  that  which  is  fiimislied  by 
the  following  experiment  of  Dr.  Milner. 

Exp.  lb. — ^Into  a  gun*barrel,  or  porcelain  tube,  in# 
troduce  a  portion  of  black  oxide  of  manganese, 
and  let  it  traverse  a  furnace ;  to  one  extremity  of 
this  tube  lute  a  small  glass  retort  containing  a  so. 
lution  of  ammonia;  to  the  other,  a  bent  glass  tube 
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which  18  to  termiaate, under  a  glass  receiver,  or 
globe.  As  soon  as  the  oxygen  begins  to  pass  oil^ 
which  may  be  known  by  holding  a  lighted  taper 
at  the  extremity  of  the  open  tube,  apply  a  gentle 
heat  to  the  ammonia,  which  will  thus  be  volati* 
lized,  and  made  to  traverse  the  ignited  tube ;  in  a 
short  time  red  nitrous  vapours  will  fill  the  receiver^ 
The  result  is  to  be  explained  in  the  following  man- 
ner ;  one  portion  of  the  oxygpn  given  off  by  the 
manganese  unites  with  the  nitrogen  of  the  ammo- 
nia and  forms  nitric  oxide,  which,  on  coming  in 
contact  with  the  air,  produces  red  fumes ;  another 
portion  of  the  oxygen  combines  with  the  hydrogen, 
and  forms  water. 


Hypo-NiTRous,  or  Per-nitrous  z\cid. 

'  587.  We  have  seen  that  compounds  of  nitrogen  and 
oxygen  exist  in  the  proportion  of  1-^  1  (Nitrous  oxide) 
1-4-2  {Nitric  oxide)  1  -f-  4  (Nitrous  acid)  and  1  -f-5 
(Nitric  acid.)  It  was  natural  for  the  disciple  of  the 
atomic  school  to  inquire  whether  a  combination  mighit 
not  exist  of  one  atom  of  nitrogen  and  three  atoms  of 
oxygen.  Such  a  compound  has  been  discovered  and 
is  termed  Ht/po^nUrousy  or  per-nitrous  acid. 

588.  When  400  measures  of  nitrous  gas  and  100 
measures  of  oxygen  (in  which,  taken  together,  the 
nitrogen  and  oxygen  are  to  each  other  by  measure  o^ 
100  to  150)  are  mixed  together  over  a  solution  of  potass, 
confined  by  mercury,  we  obtain  the  body  in  question, 
but  it  has  hitherto  never  been  exhibited  in  a  separate 
form ;  for  if  a  stronger  acid  be  added  to  expel  it  from 
the  potass,  it  is  resolved  into  nitrous  gas  and  nitrous 
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acid.    The  same  compound  appears  also  to  be  fofmed, 
daring  the  action  of  nitrous  gas  upon  common  air. 

589.     It  is  obvious  that  the  five  compounds  above 
described,  since  they  consist  of  the  same  elements,  and 
differ  from  each  other  only  in  the  proportions  of  nitro- 
gen and  oxygen  which  they  contain,  may  be  converted 
into  each  other,  by  adding  or  subtracting  a  due  pro* 
portion  of  oxygen ;  and  the  student  is  thepefi>re  now 
prepared  to  undeistand  the  different  changes  which 
these  bodies  undergo.     In  the  first  place,  diis  know- 
ledge may  be  usefully  applied  for  explaining  the  phae- 
nomena  already  described  as  attending  the  distillation 
of  nitric  acid  (569.)   It  has  been  stated  that  at  different 
stages  of  the  process  red  fumes  are  given  off,  and  that 
oxygen  gas  is  liberated.     This  arises  from  a  portion  of 
the  nitric  acid  being  decomposed  by  heat,  and  con- 
verted into  nitrous  and  oxygen  gases ;  the  former  of 
which  coming  into  contact  with  the  atmosphere  be- 
comes nitrous  acid,  and  thereby  occasions  the  appear- 
ance of  the  red  fumes  to  which  we  have  alluded.    The 
additional  proportion  of  sulphuric  acid  directed  by  the 
London  College  prevents  this  decomposition  by  fiii^ 
nishing  an  excess  of  water.     We  see  therefore  the 
nature  of  the  fuming  acid,  which  is  commonly  termed 
nitrous;  it  is  merely  nitric  acid  holding  nitric  oxide 
in  a  state  of  loose  combination.    The  application  of 
heat  therefore  drives  off  this  latter  compound,  and 
leaves  the  acid  in  a  colourless  state.    The  same  ef&ct 
is  produced  by  dilution  with  water,  and  in  performing 
this  operation  it  is  curious  to  observe  the  succeasiva 
changes  in  colour  which  the  acid  undergoes,  accoitlifig 
to  the  quantity  of  virater  added ;  thus  the  dark  orange 
coloured  solution  passes  through  the  shades  of  blue, 
olive,  and  bright  green,  before  it  becomes  pellucid. 


mutuMjf  eonoertibli  ifU0  each  other.         S&l 

590.  The  same  view  will  explun  the  theory  of  the 
procefis  by  which  we  obtain  nitric  oxide  (580) ;  if  the 
atadent  compare  the  symbols  expressive  of  the  cornpo** 
sition  of  nitric  acid  and  nitric  oxide,  it  will  be  seen 
that  the  former  is  at  once  converted  into  the  lalter  by 
abstracting  three  atoms  of  oxygen ;  which  Is  effected 
by  the  copper  filings ;  so  again  the  nitrie  oxide  is  con* 
vertible  into  fUirouf  oxide  by  the  farther  abstraction 
of  one  atom  of  oxygen,  which  is  accomplished  by  the 
agency  of  iron  filings  (577).  The  following  diagram 
will  explain  the  decomposition,  and  play  of  afBnities, 
which  take  place  during  the  conversion  of  niirate  of 
ammonia  into  nitrous  aside. 
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It  wiH  be  seen  that  Nitrate  of  Ammonia  consists  of 
Nitric  Aci4)  and  Ammonia  ;  Nitric  acid  of  Nitric 
oxide  and  oxygen ;  and  Ammonia  of  Hydrogen  and 
Nitrogen.    At  the  temperature  of  about  480*,  the  at- 
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tractioii9  of  Hydrogen  for  Nitrc^jkn  in  ammonia,  aftd 
that  of  nitric  oxide  for  oxygen  in  nitric  %cid,  are  di* 
tninished/  while,  on  the  contrary,  the  attractions  of 
the  hydrogen  of  the  ammonia  for  the  oxygen  of  the 
nitric  acid,  wd  that  of  the  remaining  nitrogai  of  the 
ammonia  for  the  nitric  oxide  of  the  nitric  acid,  are  in* 
creased;  hence  all  the  former  affinities  are  broken,  and 
new  ones  produced,  viz.  the  hydrogen  of  the  ammonia 
attracts  the  oxygen  of  the  nitric  acid,  the  result  of 
which  is  '  Water ;  the  nitrogen  of  the  ammonia  com- 
bines with  the  liberated  nitric  oxide,  and  forms  Ni* 
irons  oxide*  If  we  examine  the  atomic  composition 
of  the  several  bodies  engaged,  we  shall  find  diat  the 
proportions  of  each  element  in  the  new  compounds 
accord  exactly  with  those  which  are  furnished  by  the 
decompositions,  and  that  consequently  the  whole  of  the 
nitrate  of  ammonia  is  resolved  into  nitrous  oxide  and 
water,  without  any  excess  either  of  oxygen,  hydrogen, 
or  nitrogen,  as  will  appear  from  the  following  state- 
ment. 

fNitric  oxide =80jry.-{-l  iVtf. 

Nitric  acid  < 

COxygen =:    S  Ojey, 

Ammonia =  1  iVt/.    -|-    S  Hjfd, 

S  of  Nitrous  oxide.        3  of  Water. 


AMMONIA,  or  VOLATILE  ALKALI. 

591.  If  we  mix  one  part  of  a  salt  called  Sal  Ammo- 
niac  (muriate  of  ammonia)  with  two  parts  of  dry  quick- 
lime, and  introduce  the  mixture  into  a  small  .glass 
retort,  we  shall  obtain,  by  the  application  of  a  gentle 
heat,  a  peculiarly  pungent  gas  which  must  be  collected 


Properiies'  of  Ammonidtal  'Gas.  Xlft 

tJfr^meranry*  as  it  is  rapidly  soluble  in  water.  This 
is  Ammoniacal  gasj  to  which  Dr.  Priestley,  who  riirat 
obtained  it,  gare  the  name  of  Alkaline  air.  It  ex- 
hibits the  following  properties. 

I.  It' immedifUely  extinguishes  flame^  and  is  filial 
to  animal  life \  it  has,  however,  been  observed. that  a 
burning  candle  has  its  flame  enlarged  before  it  is  ex*- 
tinguished  in  this  gas. 

S.  It  is  lighter  than  atmospheric  air,  IQO  cubic 
inches  weighing  not  quite  19  grains. 

3.  It  displays  tha  characters  of  an  alkali.  If  moist* 
ened  test. paper  be  brought  into  contact  with  it,  its 
cMnge  of  colour  at  once  indicates  its  alkalinity. 
.  4.  It  is  condensable  into  a  liquid.  This  was.  efiect- 
ed  by  Mr.  Faraday  .in  the  manner  already  described, 
(SS5,  note*)  When  thus  procured  it  is  colourless, 
transparent,  and  very  fluid,  having  a  specific  gravity  of 
6-760. 

5.  It  is  rapidly  absorbable  by  water.  This  may 
be  seen  by  introducing  a  portion  of  water  into  a  jar  of 
this  gas  over  mercury,  when  a  rapid  absorption  vrill 
take  place.  Or,  by  at  once.receiving  the  gas  in  a  jar 
of  water  as  fast  as  it  is  evolved  from  the  materials, 
when  the  bubbles  will  be  seen  to  undeigo  rapid  con- 
densation, and  the  water  becoming  charged  with  the 
ammonia,  vrill  constitute  the  Liquor  Ammonia  of  our 
Pharmacopoeia,  from  which  by  heat  the  ammoniac*ai 
gas  may  be  again  driven  off*.  The  pharmaceutical  pro- 
cess for  obtaining  this  preparation  is  so  ably  described 
and  explained  by  Mr.  Phillips  in  his  translation  of  the 


«  If  the  student  is  not  provided  with  tUs-  piece  of  appwatnt,* 
he  may 'obtain  ^-Jar  full  of  the  gas  by  meaas  of  the  coittrivui^ 
recoinmeBded  for  the  collection  of  carbonic  acid  gas  (jEj^.  64,), 
taking  care,  however,  to  use  a  vessel  with  an  extremely  narrow 
mouth. 

z 
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Pharmaoofnia)  that  I  coniider  it  utmec^Msry  te^eotar 
upon  the  subject  in  this  work. 

598L  The  eompoiitioD  of  this  alkaline  body,  may  be- 
proved  synthetically,  as  well  aa  onalyticaUy,  U>  ariae 
ftom  the  union  of  hydrogen  aad  aaote.  l?he  foHowkig 
iHstruettTe  experiment  may  be  perfonned  by  every  atu* 
dent,  and  it  will  not  only  aflbrd  him  a  proof  of  the 
constitution  of  ammonia,  but  will  serte  to  impieMi 
upon  his  mind  the  nature  of  the  diflkrent  ingredienta 
employed  in  the  process, .  while  it  will  illustrate  some: 
of  the  more  important  laws  of  chemical  affinity* 

Eiip.  76. — ^Introduce  into  a  capacious  wine  glass 
two  drachms  of  the  filings  of  tin,  and  pour  upon 
them  one  fluid-drachm  of  nitric  acid,  previously 
diluted  with  double  its  quantity  of  water.  A  vio- 
lent action  will  ensue,  accompanied  with  the  copi- 
ous evolution  of  red  fumes ;  during  this  action  the 
filings  must  be  stirred  with  a  glass  rod,  and  after 
it  has  subsided,  quick-lime  must  be  added  to^e 
mixture;  when  the  liberation  of  ammonia  will 
become  evident  from  the  smell  of  the  fiimes,  or  it 
may  be  recognised  by  tests  to  be  hereafter  des- 
cribed. 

503.  Let  us  now  examine  the  decompositions  which 
have  arisen  dmring  the  course  of  this  experiment ;  in 
llie  first  place^  the  nitric  acid,  as  well  as  the  water, 
have  been  decomposed  by  the  tin,  which  seizing  the^ 
oxygen  of  both,  becomes  an  oxide,,  and  appears  in  the 
fpran  of  a  white  powder.  The  nitrogen  from  the  fi)r- 
mer,  and  the  hydrogen  firom  the  latter,  having  in 
conseqimce  been  disengpiged,  unite  and  constkifte 
ttnmonia ;  but^  in  consequence  of  the  esEcess  of  nitric 
acid  present,  the  alkali  forms  vrith  it  a  nttmte  of  am- 
monia, which  Is  decomposed  in  its  turn  by  the  quick- 
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Itme  X  9rid  tftud  is  the  nature  of  atn  oxide,  the  composi-* 
tion  of  nitHc  acid,  of  water,  and  of  ammonia,  tatisf^c* 
tDrily  exhibited  by  one  and  the  same  experiment. 

Exp.  77.-*Introduce  into  a  jar  containing  nitrogen 
gas,  iron  filings  moistened  with  water,  and  invert 
the  whole  over  mercury.  In  a  few  days  we  shall 
find  that  ammonia  has  been  generated.  The  ra« 
tionale  of  this  experiment  will  be  readily  under- 
stood. The  iron  attracting  the  oxygen  of  the 
water  liberates. its  hydrogen,  which  combines  with 
the  nitrogen  in  the  jar,  and  forms  ammonia. 

594.  In  like  manner  we  may  explain  the  presence 
of  ammonia  in  the  products  of  various  decompositions* 
In  the  fumes,  for  instance,  which  arise  firom  the  de- 
flagration of  nitre  and  charcoal,  an  ammoniacal  odour 
is  frequently  perceptible.  In  which  case,  the  nitrogea 
of  the  nitric  acid  in  the  salt  seizes  the  hydrogen  of  the 
decomposed  water  of  its  crystallization. 

Its  analytical  proof  may  be  conducted  in  several 
ways,  viz. 

t!sp.  78«— Introduce  into  a  gun  barrel,  containing 
some  fragments  of  tolmcco  pipe,*  a  portion  of  red 
lead ;  heat  the  tube,  and  pass  through  it  the  va* 
pour  of  ammonia,  when  azotic  gas  will  be  evolved. 
Here  is  a  case  of  simple  affinity ;  the  oxygen  given 
off  by  the  red  lead  condbines  with  the  hydrogem 
of  the  ammonia  and  form  witter,  and  the  nitrogen^ 
IB  abandoned.f 

*  This  is  to  prevent  the  barrel  from  being  choaked,  by  which, 
ail  accident  mi^t  happen*  in  consequence  of  the  evolved  gss  not' 
lisviiig  proper  voat. 

f  This  experiment  differs  only  from  that  of  Milaer  as  already 
rdaled  (75)  by  having  red  lead  substituted  for  black  manganestt* 
red  lead  gives  off*  no  more  oxygen  than  b  sufficient  for  the  satiwa*. 
tlofi  of  the  hydrogen,  whereas  the  mangaiiese  affords  oxygen  to.tht. 

z  2 
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595«  Ammonia  may  also  be  decomposed  by  passing 
it  through  a  red  hot  iron  tube,  without  the  aid  of  any 
other  body,  when  it  will  suflfer  expansion  and  be  re- 
solved into  hydrogen  and  nitrogen  gases. 

596,  Dr.  Henry  also  observed  that  a  mixture  of 
ammonia  and  oxygen  gas  might  be  fired  by  an  electric 

spark.  In  this  manner  we 
are  enabled  to  deduce  the 
proportion  of  its  elements, 
and  to  learn  that  it  con- 
sists of  three  volumes  of 
Hydrogen  and  one  of  Nitrogen,  condensed  into  two 
Volumes;  and  consequently  that  its  representative 
number  is  17. 

597.  In  order  to  detect  the  presence  of  minute  pro- 
tions  of  ammoniacal  gas,  a  glass  rod,  moistened  with 
muriatic  acid,  may  be  brought  into  contact  with  it, 
when  dense  white  fumes  will  be  produced,  in  conse- 
quence of  the  formation  of  muriate  of  ammonia^  as 
shewn  by  Experiment  9.  A  more  elegant  test,  how- 
ever, is  furnished  by  a  mixture  of  nitrate  of  silver  and 
white  arsenic,  for  if  a  {Mece  of  paper  moistened  by  a 
solution  of  this  mixture  be  brought  into  contact  with 
ammoniacid  gas,  an  intensely  yellow  colour  is  pro- 
duced. 

598.  Ammonia  combines  with  the  acid^,  and  gives 
rise  to  a  class  of  compounds,  which  have  been  termed 
Ammoniacal  salts.  With  Sulphuretted  Hydrogen,  it 
unites  in  equal  volumes  and  forms  Ht/drO'Sulphuret  of 
Ammonia^  a  substance  which  affords  a  valuable  test  for 
the  metals,  and  may  be  obtained  by  distilUng,  at  nearly 
a  red  heat,  a  mixture  of  6  parts  of  slacked  lime,  8  oS^ 
muriate  of  ammonia,  and  1  of  sulphur. 

nitrogen.  It  may  be  necessary  to  observe,  that  red  lead,  as  usually 
prepared,  will  give  off  a  portion  of  carbonic  acid  vpon  the  finl 
itopreasion  of  the  heat. 
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PRUSSIC  ACID,  oa  HYDRO-CYANIC  ACID.* 

* 

599.  This  compound  in  its  more  dilute  form,  and 
in  yarious  states  of  combination,  has  been  long  knowq. 
But  we  are  indebted  to  the  masterly  researches  of  Gay- 
Lussac  for  a  perfect  acquaintance  with  its  nature  and 
characters.  Macquer  was  the  first  person  who  dis* 
covered  that  the  pigment  known  by  the  name  ofPruS' 
Stan  blue  was  decomposed  by  alkalies,  and  the  iron 
separated  from  the  unknown  principle  with  which  it 
existed  in  combination.  Bergman  aflerwards  ranked 
this  principle  amongst  the  acids;  Sage  in  177S  an- 
nounced the  fact  of  this  animal  acid,  as  he  called  it, 
being  capable  of  forming  neutral  salts  with  the  alka- 
lies ;  and  about  the  same  time  Scheele  succeeded  iq 
obtaining  it  in  a  separate  form,  and  he  concluded  that 
it  consisted  of  ammonia  and  carbon. 

600.  The  following  is  the  process  adopted  by  Scheele 
{or  obtaining  this  acid.  Mix  four  ounces  of  Prussian 
blue  with  two  of  red  oxide  of  mercury,  prepared  by 
jiitric  acid,  and  boil  them  in  twelve  ounces,  by  weight, 
6f  water,  till  the  whole  becomes  colourless ;  filter  the 
liquor,  and  add  to  it  one  ounce  of  clean  irpn  filings, 
and  six  or  seven  drachms  of  sulphuric  acid.  Draw  off 
by  distillation  about  a  fourth  of  th^  liquor,  which  will 
be  Prujssic  acidy  though,  as  it  is  liable  to  be  contami- 
nated wi^h  a  portion  of  sulphuric  acid,  to  render  it 
pure,  it  may  be  rectified  by  refiistilling  it  from  carbo- 
nate of  lime, 

*    601.    This  acid  of  Scheele,  which  later  experiments 
have  shewn  to  contain  six  times  its  volume  of  water^ 


*  It  derives  this  title  from  its  combination  with  iron,  lon^ 
knuwa  anil  used  as  a  pifpnent  undt r  the  name  of  Prassii^a  bluf .  • 


has  the  following  characters— It  has  a  strong  smell  of 
peach  blossoms,  or  bitter  almonds ;  its  t^st^  is  at  first 
sweetish,  t)ien  acrid,  hot,  and  virulent,  and  excites 
coughing;  it  has  a  strong  tendency  to  assume  the  fiurm 
of  gas;  it  does  not  completely  neutralize  alkalies,  and 
ik  displaced  even  by  the  carbonic  acid ;  it  has  no  ac** 
tion  upon  metals,  but  unites  with  their  oxides,  and 
forms  salts  for  the  most  part  insoluble;  it  likewise 
unites  into  triple  salts  with  these  oxides  and  alkalies. 

602.    The  peculiar  odour  of  this  acid  could  scarcely 
fail  to  suggest  its  analogy  to  the  deleterious  principle 
tjiat  rises  in  the  distillation  of  the  leaves  of  the  cherry- 
laurel,  bitter  kernels  of  fruits,  and  some  other  vegetable 
productions;  and  M.  Schrader  of  Berlin  has  ascer- 
tained the  fact,   that  these   vegetable  substances  do 
r  contain  a  principle,  wUch  like  the  Prussic  acid,  are 
capable  of  forming  a  blue  precipitate  with  iron;  and 
that  with  lime  they  afibrd  a  test  of  its  presence  equal 
to  the  prussiate  of  that  earth.  Dr.  Bucholz  of  Weimar, 
and  Mr.  RoloiFof  Magdeburgh,  confirm  this  fact.  Tbif 
acid  appears  to  distill  over  in  combination  with  the 
essential  oil. 

603.  It  has  been  stated  (601)  that  the  acid  of 
Scheele  was  in  a  state  of  dilution.  It  is  identical  with 
that  which  is  employed  in  the  present  day  as  a  remedy. 
The  process  adopted  at  Apothecaries^  Hall,  is  the  fol* 
lowing;  one  pound  of  Prussiate  (or  more  correctly 
Cyanide)  of  mercury  is  put  into  a  tubulated  retort 
with  six  pints  of  water  and  one  pound  of  muriatic 
acid,  specific  gravity  1*15;  a  capacious  receiver  is 
luted  to  the  retort;  and  six  pints  are  distiUed  over. 
The  specific  gravity  of  the  product  is  0*995;  it  musf 
be  preserved  in  bottles  excluded  from  the  light,  and, 
being  subject  to  decomposition,  should  not  be  long 
kept.    The  comoMtiee  of  the  Inm^on.  College  lately 
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a{^iifted  to  rente  die  Pbarmacbpoeia  tfttetided  to 
hkre  introduced  a  formula*  for  its  preparation,  but  tb6 
resolution  was  over^ruled  by  tbe  College,  upon  tbe 
ground  that  the  medicinal  efficacy  ascribed  to  it  ba4 
not  been  borne  out  by  experience.  Upon  this  subject 
howerer,  I  must  refer  the  student  to  my  Pharmacologia. 
Dr.  Ure  considers  the  speciSc  gnnrity  of  tbis  acid  as  it 
Tery  inadequate  test  of  its  strength;  he  has  accordingly 
proposed  another  method  of  inquiry,  founded  upoA 
atomic   views,    which   has   been    already    explained 

604.  Prussic,  or  Hydro-cyanic,  acid  was  ftrst  ob^ 
tained  in  its  concentrated  form  by  Gay-Lussac  Th^ 
following  is  the  process :  a  portion  of  the  crystals  of 
Prussiate  or  C3ramde  of  mercury  is  introduced  into  a 
tubulated  glass  retort,  to  the  beak  of  which  is  adapted 
a  horizontal  tube  about  two  feet  long,  and  fiilly  half 
an  inch  wide  at  its  middle  part.  The  first  third  part 
of  the  tube  next  the  retort  is  filled  with  small  pieces  off 
white  marble,  the  two  other  thirds  with  fused  muriate 
of  lime.  To  the  end  of  this  tube  is  adapted  a  small 
receiver,  which  should  be  kept  cool  by  a  freezing  mix« 
ture.  Paur  on  the  crystals  muriatic  acid,  in  rather 
less  quantity  than  is  sufficient  to  saturate  the  metallic 


*  The  fbUowinf  was  the  pioposed  Formula.—^  CmriM  Pnf- 
tid  libras  duas,  Bydrat^ri  oxjfdi  rubri  libraoi,  yieidi  Mufiafid 
libram,  Jqna  destOUtm  octarios  duodeciin.  Cerulenm  pru8U<^ 
com  eoqne  com  hydnirgyrl  exyde  rabro  in  aqms  dOTtHlale  tptk 
twiis  sex,  spallia  Mudue  novMB,  dentc  cotoris  oeniiei  axpm 
siti  tBvi  colm  et  liqaorem  paalatlm  f:#iuiunie  ul  iwat  fsrystelU, 
Horimi  orjstaUoruin  libram,  cum  pari  pondere  »ci«U  muriatici 
ct  aquc  destillatc  octariis  quinque  cum  semis^e  in  retorta  vitrei 
misce }  aque  octarium  infunde  in  receptaculum  ad  gradnm  d$ 
frigefactum.  Deniqne,  relorta  aptatft,  destiHent  acidi  Hydr4* 
cjanici  diluti  octarii  sex. 
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base  of  ihe  salt.  Apply  a  yery  gentjle  heat  to  the  re- 
tort, when  the  hydro-cyaJiic  acid  will  be  evolved  ia 
vapour,  and  will  condense  in  the  tjube.  Whatever 
iDurtatic  acid,  may  pass  over  with  it  will  be  abstracted 
by  the  marble,  while  the  water  will  be  absorbed  by  the 
muriate  of  lime.  By  means  of  a  moderate  heat  applied 
to  the  tube  the  hydro-cyaaic  acid  may  be  made  to  pass 
successively  along;  and  after  being  left  some  time  in 
contact  with  the  muriate  of  lime,  it  may  be  finally 
driven  into  the  receiver. 

605.  On  repeating  this  process,  Vauquelin  found 
the  product  so  extremely  small  that  he  was  induced  to 

£eek  for  a  better  mode  of  obtaining  it.  For  this  pur- 
pose he  passed  fi  current  of  sulphuretted  hydrogen 
gas  through  a  glass  tube  slightly  heated  and  filled  with 
cyanide  of  mercury,  its  extremity  terminating  in  a  ce« 
ceiver  which  was  artificially  cooled.  The  process  was 
continued  until  the  smell  of  sulphuretted-hydrogen 
was  recognised  in  the  receiver.  By  this  process  be 
succeeded  in  obtaining  a  quantity  of  the  acid  which 
amounted  in  weight  to  one-fifth  the  mercurial  saU 
employed.  To  prevent  the  inconvenience  that  might 
arise  from  the  presence  of  undecomposed  sulphuretted 
hydrogen,  some  carbonate  of  lead  is  placed  at  the  end 
of  the  tube  next  the  receiver,  which  has  the  effect  of 
absorbing  it. 

606.  The  concentrated  acid  prepared  by  the  process 
of  Gay-Lussac  or  Vauquelin,  is  a  colourless  liquid 
possessing  a  strong  odour ;  and  the  exhalation^  if  in* 
cautiously  snuffed  up  the  nostrils,  may  produce  sick* 
ness,  or  even  syncope.  It  acts  as  a  quick  and  violent 
poison;  an  animal  is  instantly  killed  by  merely  draw- 
!ng  a  feather,  dipped  in  the  acid,  across  the  eye-ball ; 
in  this  manner  M.  Majendie  constantly  terminates  the 
suflerings  of  those  animals  which  he  has  made  sub; 
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j|ei:vient.  tPi  ^lis.  physiological  rea^earchea.  Its  taftte  is 
^t,  first  i^ool}^  but  spon  becomes  hot  and  acrid,  but  I 
should  not  recommend  the  student  to  Yerify  this  stater 
ment  by  experiment.  Its  specific  gravity  at  64%  is 
0*  6969.  It  boils  at  79''  and  congeals  fit  about  3"",  and 
^ots  a  crystalliQe  form.  The  cold  which  it  produceflj, 
when  raised  into  vapour,  ^ven  at  (he  temperature  qF 
68"",  is  sufficient  to  congeal  it.  This  phenomenon  is 
easily  produced  by  putting  a  small  drop  fit  the  end  pf 
a  slip  of  paper  or  a  glass  tube,  when  a  portion  pf  it 
will  become  instantly  solid.  Though  repeatedly  rec* 
tified  on  pounded  marble,  it  retains  the  property  pf 
feebly  reddening  paper  tinged  blue  with  litmus ;  the  red 
colour,  however,  disappears  as  the  acid  evaporates. 

607^  What  is  the  composition  of  Prussic  Acid  ^ 
This  problem  has  been  solved  by  Gray-Lussac,  who  ha^ 
discovered  that  it  consists  of  a  peculiar  compound  base, 
to  which  he  ha^  given  the  name  of  Cyanogetiy  acidified 
by  Hydrogen.  The  name  Hydro*cyanic  acid  is  there? 
fore  well  adapted  to  express  its  composition. 


Cyanogen*, — PaussiNB, — or  Fkussic  Gas. 

• 

$06.  This  gaseous  compound  may  be  obtained  by 
heating  perfectly  dry  Prussiate  of  Mercury  in  a  glass 
retort,  or  in  a  tube  closed  at  one  extremity.  It  first 
blackens,  then  liquefies,  and  the  cyanogen  comes  over 
jn  the  form  of  gas,  and  may  be  collected  over  mercury, 

609.    This  gas  has  a  strong,  penetrating,  and  dis* 

agreeable  odour.     It  bums  with  a  bluish  flame  mixed 

^ith  purple*    Its  specific  gravity  is  to  that  of  common 

w  as  1^8064  to  1 ;  hence  100  cubic  inches  at  60? 

4 ■  ■  ....         ■       '.    '  p 

*  Thitt  term  signifies  ike  producer  9jbUkB. 


tISSi       •  CoMpdiitioH  of  B^irc*cjfmic  Jkit? 

^eigh  55  grains.  Water  diasolTes  4*5  vokunes,  anA 
alcohol  SS  volumes.  By  the  pressuTe  of  abcNH  3*6  atii> 
moflpheyies  Mr«  Faraday  condensed  it. 

610.  In  its  chemical  rdlations  Cyam^n  may  be 
coHipared  mth  Chlorine  and  Iodine^  it  is  acidified  by 
fHydrogen,  and  it  forms  compounds  frith  metalKc  bases 
Vfaieh  are  termed  Cyaniiei^ 

,  611.  By  detonating  Cyanogen  "with  oxygen,  car^* 
bonic  acid  and  nitrogen  are  the  results  produced;  and 
by  estimating  their  proportions  it  has  been  inferred, 
that  Cyanogen  consists  of  two  proportionals  of  carbon, 
and  one  of  nitrogen.  Its  rqfyresentative  number  wiH 
therefore  be  (&4-6-|-i4)  26. 

612.  Hydro-cyanic  acid  is  composed  of  equal  vc^ 
lumes  of  Cyanogen  and  Hydrogen,  and  hence  its  repre- 
sentative number  will  be  (96-|-l)  27. 

613.  The  student  having  been  now  made  acquainted 
with  the  composiUon  of  Cyanogen,  he  will  easily  undef- 
stand  the  theory  of  the  processes  employed  for  the 
production  of  Hydro-cyanic  acid.  In  that  directed  by 
Gay-Lussac,  (604)  Cyanide  of  Mercury,  which  is  a 
compound  of  that  metdl  with  Cyanogen,  is  acted  upon 
by  jnuriatic  acid,  which  by  the  aid  of  its  wator  oxidizes 
the  metal  and  combines  with  it,  while  the  Cyanogen 
thus  liberated  unites  with  the  disengaged  hydrogen 
and  passes  off  in  the  state  of  Hydro-cyanic  acid.  la 
ihe  pK>cesB  of  Vauqoelin  the  result  is  brought  aboui 
^y  the  aid  of  double  affinity^  Whan  the  suli^ureited 
Hydrogen  is  passed  through  the  Cyanide  of  mercni]^ 
ihe  sulphur  combines  with  the  mercury,  and  the  Hy* 
drogen  with  the  Cyanogen, 

614.  Hydro-cyanic  acid  unites  with  salifiable  basai 
Mid  &rm8  an  interesting  class  of  salts  termed  Hydr^ 
^yenat€$.  The  habitudes  of  these  bodies  will  form  a 
subject  for  future  connderation. 


^pkHr.  36$ 


SULPHUR. 

61ff.  This  simple  inflammable  body  is  chiefly  a 
rainenil  prodacCion,  although  k  exists  as  a  constituent 
of  aaimal  matter.  The  sulphur  which  occurs  as  aa 
artide  of  commerce  is  brought  to  this  country  chiefly 
fiom  Sicily,  although  much  ^ich  appears  in  the 
market  is  obtained  from  our  own  sulphuret  of  copper, 
which,  when  roasted,  yields  sulphureous  ftimes  which 
are  condensed  in  brick  chambers,  puHfied  by  ftision, 
and  cast  into  sticks.  It  is  also  met  with  in  the  form  of 
a  light  powder  called  Flowers  of  Sulpkur^  which  is 
procured  ftom  the  solid  substance  by  sublimation. 

616.    Sulphur  is  a  brittle  substance  of  a  pale  yellow 
colour,  insipid,  and  when  cold  inodorous ;  but  exhal- 
ing,  when  heated,  a  peculiar  smell.    When  a  roll  of 
sulphur  is  suddenly  seized  in  a  warm  hand,  it  crackles, 
and  sometimes  falls  to  pieces.  This  is  owing  to  the  un* 
equal  action  of  heat,  on  a  body  which  conducts  that 
power  slowly,  and  which  has  little    cohesion.      At 
about  99Xy  it  fuses,  but  it  begins  to  evaporate  at  180^; 
when  Yept  melted  in  an  open  vessel  for  some  time,  at 
about  SOO^  it  b^omes  thick  and  viscid;  and  if  in  this 
state   it  be  poured  into  water,  it  appears  of  a  red 
colour,  and  is  as  ductile  as  wax,  on  which  account  it 
is  used  for  taking  impressions.     Its  specific  gravity  is 
Baid  to  be  thus  increased  from  1*99  to  2'325.    The 
change  is  not  owing  to  oxidation,  as  generally  sup- 
posed, for  it  takes  place  in  close  vessels ;  it  would  seem 
to  depend  upon  a  new  arrangement  of  its  parts.    At 
560*^  sulphur  takes  fire  in  the  open  air,  and  bums  witli 
m  pale  blue  flame,  emitting  at  the  same  time  the  most 
liufibcating  fumes.    If  after  fusion  it  be  slowly  cooled 
it  ibrms  a  fine  ci^stalline  mass.    It  is  insoluble  ib 
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water;  but  in  small  quantity  in  alcohol  and  aether, 
and  more  largely  in  oil^  especially  in  that  of  Linseed. 

617.  Sulphur  is  classed  amongst  the  electro-positive 
l^odieS)  that  is,  when  separated  from  combinations  t>y 
voltaic  electricity  it  is  attracted  to  the  negativis  pole^ 
It  is  considered  as  elementary  in  its  nature^  because,  as 
ylet^  nothing  certain  is  known  respecting  its  composi- 
tion, for  although  Sir  H.  Davy  by  the.  agency  of  elec« 
tricity  separated  hydrogen  from  it,  it  may  be  questioned 
whether  this  might  not  be  derived  from  the  moistuia^ 
which  it  usually  contains.  Its  atomic  weight  has  been 
fixed  at  16. 

618.  It  unites  with  the  metals,  alkalies,  and  eardiSi 
and  gives  rise  |:o  a  class  of  compounds  termed  sul* 
phurets. 

619.  Sulphur  unites  with  oxygen  in  two  defini^ 
proportions,  giving  origin  to  two  different  compounds 
which  it  will  be  here  necessary  to  examine. 


Sulphurous  Acid. 

620.  If  Sulphur  be  burnt  in  dry  oxygen  gas  we  shall 
obtain  this  gaseous  compound ;  if,  however,  water  be 
present,  a  quantity  of  sulphuric  acid  will  at  the  same 
time  be  formed.  The  method  usually  employed  for 
obuining  this  gas,  is  by  boiling  one  part  by  weight  of 
mercury  with  six  or  seven  of  sulphuric  acid  in  ^  glass 
retort ;  sulphurous  acid  gas  is  thus  evolved,  and  may 
be  collected  and  preserved  over  quicksilver* 

621.  The  following  are  its  properties — It  has  ^ 
pungent  and  suffocating  smell,  exactly  resembling  that 
which  arises  from  burning  sulphur.  It  is  more  than 
.twice  as  heavy  as  atmospheric  air.  It  reddens  vegeta^ 
ble  blues  and  gradually  destroys  most  of  theni;^  it 
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whiteris  iDany  animal  and  vegetable  substances,  as,  for 
instance^  silk  and  straw,  and  hence  the  vapours  of 
burning  sulphur  are  employed  in  bleaching.  It  is  ab- 
sorbed by  watet ;  this  fluid  takes  up  30  times  its  bulk, 
gains  a  nauseous  sub-acid  taste,  and  according  to  Dr. 
Thomson,  becomes  of  specific  gravity  1*0513.  From 
this  solution,  wheii  recently  prepared,,  the  gas  may  be 
separated  by  heat,  but  not  by  congelation ;  the  solu- 
tion, like  the  gas,  dischai^es  vegetable  colour.  It  is 
converted  into  sulphuric  acid  by  all  those  substances 
which  are  capable  of  imparting  oxygen  to  it,  but  the 
presence  of  water  seems  to  be  essential  to  the  efiect. 
A  mixture  of  dry  oxygen  and  sulphuric  acid  gases, 
standing  over  mercury  is  not  diminished  by  remaining 
ih  contact  with  each  other  during  some  months ;  but 
if  a  small  quantity  of  water  be  admitted,  the  mixture 
begins  to  diminish,  and  sulphuric  acid  is  formed.  The 
proportions  required  for  mutual  saturation  are  two  raea* 
sures  of  sulphurous  acid,  and  one  of  oxygen  gas.' 

6SS.  In  like  manner,  perfectly  dry  nitrous  acid  gas, 
produces  no  change  on  dry  sulphurous  acid,  but  when 
placed  in  contact  with  a  small  quantity  of  water,  these 
bodies  act  mutually  and  rapidly  on  each  other;  the 
nitrous  acid  gas  yields  a  portion  of  its  oxygen  to  the 
sulphurous  acid,  from  whence  result  nitrous  gas  and 
sulphuric  acid,  both  of  which,  combining  with  a  small 
proportion  of  water,  form  white  crystalline  flakes. 
When  a  larger  quantity  of  water  is  brought  into  con- 
tact with  these  crystdb,  it  dissolves  the  sulphuric  aoid, 
aAd  the  nitrous  gas  is  liberated  with  effervescence.  By 
means  therefore  of  a  small  quantity  of  nitrous  gas,  we 
may  tilahsform  a  lairge  quantity  of  "sulphurous  acid  into 
sulphuric  acid,  provided  the  acid  gas  be  mingled  with 
half  its  volume  of  oxygen,  or  with  an  equivalent  quan- 
tity of  atmospheric  air ;  but  we  shall  have  occasion  to 
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revert  to  thia  subject,  wken  we  investigate  the  fbhna^ 
tion  of  sulphuric  acid  by  the  combustion  of  sulphur. 

.  6iS^  By.  a  pressure  of  two  atmospherea  at  45^  Fah. 
]^.  Faraday  condensed  sulphurous  acid  into  a  limpid 
and  colourless  liquid ;  when  the  tube  containing  it  was 
c^ned,  the  contents  did  not  rush  out  with  explosion, 
as  occurs  in  other  cases  of  condensed  gases,  but  a  por- 
tion of  the  liquid  evaporated  rapidly,  cooling  another 
portion  so  much  as  to  leave  it  in  the  fluid  state  at 
commmon  barometric  pressure.  It  was,  however,  ra- 
pidly dissipated,  not  producing  visible  fumes,  but 
eyolving  the  odour  of  pure  sulphurous  acid,  and  leav- 
ing the  tube  quite  dry. 

624.  As  this  gas  does  not  require  a  greater  pressure 
than  that  of  two  atmoqpheres,  it  was  justly  inferred 
that  its  liquefaction  might  be  accomplished  by  distil- 
lation at  a  reduced  temperature ;  this  has  accordingly 
been  effected  by  receiving  the  gas  in  a  receiver  cooled 
by  a  mixture  of  pounded  ice  and  salt. 

635.  Liquid  sulphurous  acid  di^lays  some  curious 
phsenomena.  From  the  rapidity  with  which  it  eva-^ 
porates  it  produces  a  most  intense  cold,  and  it  fur- 
nishes the  means  of  freezing  bodi^  which  have  hitherto- 
resisted  the  ordinary  modes  of  refrigeration.  If  a  por- 
tion of  this  liquid  be  poured  into  water,  the  latter  is 
immediately  converted  into  ice ;  and  by  pouring  it 
over  a  bulb  containing  quicksilver,  the  metal  is  rapidly 
solidified. 

^  GS6*  If  a  piece  of  ice  be  dropped  into  the  fluid  it 
is  instantly  made  (o  boil,  firom  the  heat  thus  communi-^- 
cated  by  it. 

.  6S7.  The  salts  to  which  this  acid  gives  origin,  by^ 
combination  with  salifiable  bases,  are  termed  suU 
pkitesB 


• 
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SuLVHUftic  Acid.    Oil  ov  ViTftioL* 

€28«  This  acid  has  been  Img  known*  and  used^ 
ailthough  the  true  nature  of  its  chemical  composition 
ia  a  discovery  of  later  date.  It  was  originally  prepared 
by  the  distillation  of  a  salt  known  in  commerce  by  the 
name  of  green  vitriol  t  (Sulphate  of  Iron)  and  hence 
k  was  called  vitriolic  act  J,  or,  from  the  circumstance 
of  its  oil-like  smoothness,  as  displayed  upon  pouring, 
it  from  one  yessel  to  another,  Oil  of  KitrioL 

6S9.  The  method  of  forming  sulphuric  acid  by  the 
combustion  of  sulphur  was  first  adopted  in  this  country 
by  Dr»  Ward,  X  who  probably  obtained  the  information 
respecting  it  during  his  residence  on  the  continent,  for 
the  process  is  described  by  Lefevre  and  Lemery.  An. 
exclusive  right  to  it,  however,  was  granted  to  Ward  by. 
patent ;  and>  by  way  of  distinction,,  the  article  whicln 

tt»l|  111-  "■  I    Mi^  ■■  i^— i^     »  ■  -I 

*  The  first  mention  of  this  body  occurs  in  the  writings  of  Basil 
Valentine.  It  was  also  known  to  Paracelsus,  who  died  in  154t. 
The  first  person,  however,  who  gave  any  thing  like  a  correct  ac« 
dotnt  of  it,  was  Gerard  Dof  onieus,  in  a  work  which  he  pablisheA 
ial»70. 

.  t  The  sulphnric  acid  which  is  prepared  in  Saxony,  and  itk 
msay  other  parts  of  Germany,  is  still  procured  from  this  salt^ 
The  English  makers  of  sulphuric  acid  distilled  the  green  vitriol 
ih  earthen  vesseb  called  long-neeks,  placed  within  a  reverbera- 
tory  fomace  with  a  glass  receiver  luted  to  each  retort.  It  was^ 
inoal  to  pat  fifty  or  more  of  these  into  one  furnace.  The  in- 
ooavcttieoce  of  thb  process  depended  upon  the  len^  of  tine 
which  was  necenary  for  the  oporalion»  the  small  quantity  of  acidr 
procured,  and  the  intense  heat  required  for  its  distillation,  whiclk 
always  destroyed  the  stills  with  great  rapidity. 

X  Dr.  Ward  is  known  to  the  medical  profession  as  the  vender 
of  a  noted  analeptte  pill,  and  the  inventor  of  the  fFkHe  Dr^ 
and  FkMe,  an  aecamil  of  which  will  be  foand  ia  tbe  Phamuu* 
aolapa. 
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he  prepared  was  long  known  by  the  name  of  ^^  Oil  of 

Vitriol  made  by  the  bell."     The  glass  yesseb  which 

were  employed  for  this  purpose  were  made  with  wide 

necks,  and  as  large  as  they  could  be  blown  with  safety, 

and  capable  of  holding  forty  or  fifty  gallons;  a  small 

quantity  of  water  was  poured  into  each,  and  a  mixture 

of  sulphur  and  nitre  inflamed,  the  fumes  from  which 

were  thus  condensed.     This  operation  was  repeated 

until  the  water  became  sufiiciently  saturated.     In  the 

year  1746  Dr.  Roebuck  of  Birmingham  substituted 

chambers  lined  with  lead  for  the  glass  vessels,  by  which 

means  the  manufacturerer  was  enabled  to  conduct  the 

operation  on  a  greater  scale ;  and  this  is  the  method 

employed  at  the  present  day  for  the  production  of  thi^ 

highly  important  article.   A  quantity  of  sulphur  mixed 

with  about  1-7 th  of  its  weight  of  nitre  is  placed  in  pans 

of  iron  or   lead,  communicating  with  a  chamber  of 

lead,  the  bottom  of  which  is  covered  to  the  depth  of 

several  inches  of  water.     The  mixture  is  then  kindled, 

and  the  combustion  allowed  to  proceed. 

630.  In  order  to  understand  the  theory  of  this  pn>> 
cess,  the  student  must  first  be  informed  that  sulphuric 
acid  consists  of  one  proportional  of  sulphur,  16,  and 
three  proportionals  of  water  (8  |  8  j  8)  S4;  its  repre- 
sentative number,  will  therefore  be  40.  And  in  order 
to  convert  an  atom  of  Sulphurous  into  Sulphuric  acid, 
we  have  only  to  add  one  proportional  of  oxygen. 

631.  The  chemical  changes  by  which  Sulphuric  acid 
is  produced  by  the  combustion  of  sulphur  and  nitre  have 
teen  thus  explained  by  Sir  H.  Davy. — ^The  sulphur, 
by  burning,  forms  sulphurous  acid  gas,  and  the  acid  in 
the  nitre  (nitric  acid)  is  decomposed,  giving  off  nitrous 
gas ;  this  coming  in  contact  with  the  oxygen  of  the 
atmosphere  produces  nitrous  acid  gas,  which  has  no 
action  upon  sulphurous  acid,  to  convert  it  into^sid** 
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«phuric  acid,  unless  water  be  present,  (68S)  and  if  thid 
substance  be  only  in  a  certain  proportion,  the  water, 
the  nitrous  acid  gas,  and  the  sulphurous  acid  gas  com- 
bine, and  form  a  white  crystalline  solid.  By  the  large 
t)iiaintity  of  water  usually  employed,  this  compound  is 
instantly  decomposed,  oil  of  yitriol  formed,  and  nitrous 
gas  given  off,  which  by  contact  with  air  again  becomes 
nitrous- acid  gas,  and  this  process  continues,  according 
to  the  same  principle  of  combination  and  decomposi* 
tion,  till  the  water  at  the  bottom  of  the  chamber  hasr 
become  strongly  acid.  It  will  be  seen  therefore  that 
nitrous  gas  merely  acts  as  a  carrier  of  the-  oxygen  from 
the  air  to  the  sulphurous  acid. 

63S.  It  has  been  sometimes  observed  that  a  portion 
of  sulphuric  acid  concretes  into  a  white  mass  of  radi- 
ated crystals;  which  has  been  called  Glacial  sulphuric 
acid.  Dr.  Thomson  considered  it  as  the  pure  acid 
divested  of  water;  other  chemists  have  regarded  it  as> 
a  combination  of  the  sulphuric  and  sulphurous  acids,' 
but  it  is  probably  a  compound  of  Hypo-nitrous  and* 
sulphuric  acids. 

6SS.  Sulphuric  acid  displays  the  following  proper- 
ties.— Its  consistence  is  thick  and  oily ;  and,  when  per- 
fectly  pure,  is  limpid  and  colourless ;  it  gains,  however, 
a  dark  tinge  fVom  carbonaceous  matter,  which  would 
therefore  appear  to  be  so  modified  as  to  be  soluble  in 
the  acid  (471).  Its  specific  gravity  is  1*85,  it  boils  at 
6S0",  and  freezes  at  15®;  these  effects,  howev^,  are 
materially  influenced  by  its  degree  of  dilution.  It  is 
extremely  acrid  and  caustic ;  straw,  wood,  and  other 
tegetable  substances,  when  immersed  in  this  acid,  with- 
out heat,  are  disorganized,  softened,  and  blackened, 
and  a  certain  portion  of  carbonaceous  matter  is  sepa- ' 
rated  from  them.  For  water  it  has  a  great  attraction,  so  * 
that  upon  ^sudden  mixture,  a  violent  heat  is  produced/* 

2  A 
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pxA  a  considerable  penetration  of  dimeluMHi  lalM 
place;  so  rapidly  does  it  unite  with  the  tnoisluie  of 
the  atmosphere  that,  if  exposed  in  a  shallow  ^essel^  iit 
will  soon  double  its  weight. 

634.  The  strongest  acid  that  can  be  obtained  coor 
tains  19  per  cent,  of  water,  which  appears  essential  to  its 
constitution,  and  can  (mly  be  separated  by  combining 
the  acid  with  a  base.  It  would  seem  therefiire  that  the 
term  sulphuric  acid  is  improperly  applied  to  it;  accord* 
ding  to  the  principles  of  the  French  nomenclature  some 
chemists  have  called  it  ffydrO'Sulphuric  acid^ 

635.  Those  who  are  desirous  of  learning  the  pro« 
portion  of  commercial  acid  in  diluted  sulphuric  acid 
of  dil&rent  specific  gravities  may  refer  to  a  copious 
Table  constructed  by  Mr.  Parkes,  and  published  in  the 
second  volume  of  his  Chemical  Essays. 

636.  When  this  acid  is  perfectly  pure,  its  trans- 
parency is  not  disturbed  by  solution;  but  this  is  never 
the  case  with  the  article  as  it  occurs  in  conunerce,  for 
the  addition  of  water  produces  a  white  precipitate 
which  consists  of  the  sulphates  of  lead  and  potass. 

637.  Sulphuric  acid  combines  with  various  bases, 
and  forms  a  class  of  salts,  called  Sulphaies* 

Sulphuretted  Hydrogen  Gas. 

638.  This  gaseous  compound  of  Sulphur  and  Hy- 
drogen exists  in  many  mineral  waters,  especially  in 
that  of  Harrogate,  and  is  found  in  the  lai^  intestines 
of  animals.  It  is  also  evolved  during  the  decomposi* 
tion  of  animal  substances,  and  may  be  artificially  pro-« 
duced  by  presenting  sulphur  to  hydrogen  in  its  nascetU 
state,  that  is,  at  the  moment  it  is  escaping  from  some 
compound  in  which  it  existed  in  a  solid  form.  This 
happens  when  dilute  sulphuric  acid  is  poured  upon  a, 
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tDbittiiK3t4:^iM  fiM^pAtfrdl  ^  inm."^  Tke  foRowng 
fuocflst,  however^  emibles  us  to  ptoottie  diia  gati  iirthft 
g fumst  abntidaiic^  and  in  die  higbtst  state  of  parity. 

JErp.  79.^^Into  a  gas^bottle,  or  glass  fetort,  intro* 
chice  some  powdered  Salphnret  of  AniimofiT 
iOrude  Antim&ny  of  the  shops)  and  ponr  orer  it 
five  or  six  times  tts  weight  of  the  nrariatrc  acid  of 
the  Pharmacopcsia.  Apply  the  heat  of  a  lamp^ 
and  receire  die  frrolved  gas  in  the  ordinary 
manner. 

'  tS9.  This  gas  displays  the  following  properties : 
'  1.  It  ts  absorbable  by  water.  This  fluid  is  found 
by  agitation  to  absorb  thrice  its  bulk.  It  is  therefore 
advisable  to  receive  it  in  bottles  provided  with  glass 
stoppers,  and  after  filling  them  entirely  with  the  gas 
to  introduce  the  stopper.  Where  We  wish  to  obtain  an 
aqueous  solution,  we  may  drive  a  current  of  the  gas 
through  a  phial  containing  distilled  water^  or  agitate 
it  in  contact  with  a  certain  quandty  of  diat  fluid. 

2.  Its  smeil  is  extremely  offenshe^  resembling  thait 
of  putrefying  eggs,  or  of  the  waiAungs  of  a  gun-barrel, 
to  which  indeed  it  imparts  dieir  oflensive  odour.  In 
the  first  case  it  is  developed  during  decomposition;  in 
the  latter,  a  portion  of  sulphuret  of  potass  is  produced 
1^  the  explosion  of  die  powder,  which,  meeting  with 
water,  yields  sulphuretted  hydrogen. 

3.  It  is  inflammable^  and  bums  either  silently^  or 
with  an  exploMm,  according  as  it  is  f»enoiialy  mixed, 
^r  not,  with  oxygen  gas,  or  atmosphefic  air.  The  i»- 
mks  of  which  are  water,  and  sulphurous^  widi  a  Ittlfe 
sulphuric  acid. 

*  To  obtain  this  sakataace,  a  har  of  hnm  is  to  bo  hoatoA  to  a 
white  heatt  an4,  in  tkis  staia,  to  be  ndbbed  with  a  roll  of  talpbur. 
*Tlie  metal  aad  sulphur  unite,  and  form  a  liquid  compound,  which 
iUls  down  in  drops.  These  soon  congeal,  and  must  be  preserved 
in  a  well-closed  phial. 

9  A  S 
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4.  //  precipitates  sulphur ^  when  mixed  with  bodies 
tapuble  of  combining  with  its  hydrogen ;  thus  Chlo- 
rine, when  added  to  this  gas,  unites  with  its  hydrogen 
.and  forms  muriatic  acid,  and  the  sulphur  is  almndoi|ed. 
Atmospheric  air,  if  long  kept  in  contact  with  it^  pro- 
duces the  same  effect.  The  watery  solution  undc^i^goes 
the  same  changes ;  the  addition  of  a  few  drops  of  nitric 
or  nitrous  acid  instantly  precipitates  the  sulphur. 

5.  It  possesses  the  character  of  an  acid.*  The 
watery  solution  reddens  the  infusion  of  violets,  and  the 
gas  is  rapidly  absorbed  by  alkalies  and  by  the  earths, 
with  the  exception  of  two  or  three,  and  gives  rise  to 
a  series  of  compounds  termed  Hydro^sulphurets. 

6.  It  precipitates  Metals  from  their  solutions.  This 
renders  it  a  most  valuable  test  for  these  bodies.  If  we 
except  iron,  nickel,  cobalt,  manganese,  titanium,  and 
molybdenum,  all  metaUic  solutions  are  decomposed  by 
it.  On  this  account  it  tarnishes  silver,  mercury,  and 
other  polished  metals,  and  instantly  blackens  white 
paint,  and  solutions  of  acetate  of  lead.  Dr.  Henry 
found  that  one  measure  of  this  gas,  mixed  with  SOJtXO 
measures  of  common  air,  produced  a  sensible  discolo^ 
ration  of  white  lead,  or  of  oxide  of  Bi8muth,t  mixed 
with  water  and  spread  upon  a  piece  of  card. 

7.  It  is  unrespirablcy  and  highly  destructive  to 
animal  life.  A  small  bird  was  found  to  die  immedi- 
ately in  air  containing  ttw  of  its  volume  of  sulphuret- 

*  Some  cf  the  German  eliemistB  have  proposed  to  designate  it 
bj  the  term  HjfircMomc  aeid;  and  Omy-LusBac  has  very  in^or 
.perly  caHed  it  Hydro-sulphuric  acid,  a  name  which  has  been 
applied  to  liquid  Sulphuric  acid. 

t  Oxide  of  Bismuth  is  known  as  a  cosmetic,  under  the  naoDie 
of  Pearl  White.  Those,  however,  who  used  it  soon  found  that 
their  faces  were  blackened  by  the  combustion  of  mineral  coaZ» 
and  various  other  processes  in  which  Sulphuretted  Hydrogen-gas 
Ls  evolved. 
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ted  hydrogen ;  a  dog  perished  in  air  mingled  with  7^ ; 
and  a  horse  in  air  containing  TTvth.  It  has  long  Been 
'Considered  a  yery  energetic  poison  to  man,  and  it 
would^  at  the  same  time,  appear  to  be  a  Yery  insidious 
«ne ;  for  sensibility  is  quickly  destroyed  by  it,  without 
any  preyioiis  suffering.  I  am  acquainted  with  a  chemist 
who  was  suddenly  depriyed  of  sense,  as  he  stood  OYer 
a  pneumatic  trough,  in  which  he  was  collecting  the  gas» 
It  would  seem  to. act  upon  the  nervous  system  through 
the  medium  of  the  blood,  in  which  it  is  extremely  solu- 
ble. It  constitutes  the  particular  gas.  of  privies,  and  is 
the  immediate  cause  of  those  accidents  which  so  fre^ 
quently  befal  nightmen,  and  of  which  I  have  given  a  full 
account  in  another  work  (Medical  Jurisprudence,  voL 
1,  p.  100.)  In  order  to  detect  its  presence,  we  have 
only  to  expose  a  piece  of  card  moistened  vrith  white 
lead,  (see  above  639,  6.) 

640.  The  specific  gravity  of  this  gas  is  to  that  of 
hydrogen  as  16  to  1 ;  100  cubic  inches  weighing  36 
grains.  By  detonating  it  with  one  half  of  its  volume  of 
oxygen,  we  obtain  one  volume  of  sulphurous  acid,  and 
a  portion  of  water ;  so  that  the  sulphur  is  transferred 
to  one  volume  of  the  oxygen,  and  the  hydrogen  to  the 
half  volume ;  it  therefore  consists  of  16«ulphur*|-l  hy«> 
drogen^  and  its  representative  number  is  17. 

bl-sulphuretted,  oa  super-sulphurettbd 

Hydbogeit. 

641.  This  compound  is  obtained  by  pouring  Hydros 
julphuret  of  poian  (formed  by  boiling  flowers  of 
sulphur  with  liquid  potass,)  by  little  and  little,  into 
muriatic  acid;  a  very  small  proportion  of  gas  escapes-; 
and  while  the  greater  part  of  the  sulphur  separates,  6qc^ 
portion  of  it  combines  with  the  sulphuretted  hydrogen;, 
^sumes  the  appesirance  of  an  oil,  and  is  deposited  a4 
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th^  bottom  of  cbe  vtaseL  In  taste  res^mUes'cfamt  df 
flidphmettad  hydrogMi)  but  it  k  leas  aflfensite  |  it  it 
heavier  than  wBter^  and  is  inAmmable.  With  the  a^ 
ludies  ftad  emiths  it  fomm  compounds  called  Jffydrth 
gWBiied  Sutfkmeti^  a.  term  which  mi^  bis  advanta^ 
g«outtl;f  ehanged  for  that  of  IIydr^ki*$uiptmMi9. 

S4f •  Aeooftf  ng  to  Mr.  Dalton  it  oomsisu  of  two 
aloms  of  su^dutirrM,  with  one  atom  of  hydM)gM ;  its 
i^qN^sentativd  natnber  is  ilierefom  39. 
-  MS,  The  atadenit  wiH  therefors  peroeife  that  thers 
ssre  three  distinct  coittbination$  of  Sulphur  and  its  com^ 
pounds^  with  alkalies  and  earths.  The  Arot  eonsisi^ 
ailtiply  of  sulphur^  united  with  an  atfcaline  or  eardvf 
baSe^  and  are  caHed  Smlpkute^s;  the  second  are  oom- 
posed  «f  sulphimtled  hydrogen^  u^ted  with  a  base, 
And  are  termed  HydtO'^U^hurHi ;  the  third  contain^ 
ing  Bisulphuretted  hydrogen  and  a  base,  and  are  dis^ 
tinguishsd  by  the  appellatioA  of  N^drtgttretted  Sul- 
pkureiiy  which  might  be  superseded  by  tba(t  tXSydr^ 
H*smlpkure9s. 

PHOSPHORUS, 

644.  For  a  knowledge  of  this  curjous  subMance  we 
are  indi^lMed  to  the  alchenvist  Brandt  of  Hfunbui^, 
who  in  the  year  109^  accidentally  produced  h  during  a 
yisionary  search  after  the  philosopher's  stone.  The 
matter  from  which  it  was  originally  obtained  was  hu- 
man urine,  but  in  1769,  Grahn,  a  Swedish  chemist,  dis- 
coi«v$d  it  Iti  Drones,  and  a  process  was  soon  aflerwatds 
iftvmted  by  Sthesie  (br  obtaining  it  from  them.  In  A^ 
animal  bodiei^  alio^  menlicffied  the  phosphorus  esisis 
ki  combinalion  with  oxygen,  as  phosphoric  oen^  which 
is  ftrrtier  eoiMbiiied  with  lime,  oonstituting  phosphate 
of  Hme.  ^The  am  therefore  of  preparing  phosphorus 
4onnsts  in  decomposing  these  compounds,  for  whith 
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purpose  we  Yiwre  t6  disumte  the  phosphoric  acid  from 
the  lime,  and  then  to  detach  the  oxygen  from  the  phos- 
f)horLc  acid.  The  following  is  the  process  now  usually 
employed* 

615.  HaTing  obtained  Phosphoric  acid^  by  decom- 
posing bone  earth,  by  means  of  sulphuric  acid ;  the 
former  of  these  bodies  is  mixed  with  an  equal  weight 
of  charcoal,  and  distilled  at  a  red  heat.  The  apjparatus 
required  for  this  purpose  is  a  coated  glass  or  earthen 
retort,  the  body  of  which  may  be  placed  in  a  portable 
furnace  while  its  extremity  is  immersed  into  a  basin  of 
water.  After  a  short  time  a  great  quantity  of  gas 
escapes,  and  when  the  retort  has  obtained  a  bright  red 
heat,  a  substance  looking  like  wax,  of  a  reddish  colour, 
passes  oyer ;  this  is  impure  Phosphorus,  the  impurities 
of  which  are  to  be  remoyed  by  remelting  it  under  thfe 
surface  of  water,  and  squeezing  it  through  a  piece  of 
fine  shamoy  leather.  It  may  then  be  cast  into  cy- 
linders.* 

646.  Phosphorus  thus  obtained  is  distinguished  by 
the  following  properties,  viz. — ^It  has  generally  a  flesh 
colour,  but,  when  carefully  purified,  may  be  obtained 
^ouriess  and  perfectly  transparent.  Its  specific  gra- 
vity is  1*77.  It  is  sofl  like  wax,  and  readily  yields  to 
the  knife.  It  is  so  inflammable  that  at  about  100^  Fah. 
it  takes  fire  and  bums  with  intense  brilliancy,  throw- 
ing off  copious  white  fumes.  At  the  ordinary  temper- 
mature  of  the  atmosphere  it  emits  a  white  smoke,  which 
is  luminous  in  the  dark,  and  has  the  odour  of  gairlib. 
It  may  be  set  on  fire  by  firiettoD,  for  which  purpose  we 


•  Pbosf^l^usiilAj  also  be  easily  obteiae^  by  mixiaf  a  ji^tioa 
of  Pho8|ibate  of  Soda  with  a  solatioD  of  Acetate  of  Lead,  ia  the 
proportioB  of  four  of  the  former  salt  to  oae  of  the  latter;  .by 
which  a  precipitate  of  Phosphate  of  Lead  will  occur ;  and  this  by 
rfisHUation  will  yield  Phosphorus. 
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have  only  to  rub  a  Binali  firagment  of  die  substance  be- 
tween two  pieces  of  brown  paper.  When  covered  with 
water,  so  as  to  exclude  the  action  of  the  atmosphere, 
it  melts  at  about  109  or  110°,  and  boils  at  SdO""*  Oils 
.dissoWe  phosphorus,  provided  the  temperature  b^  a 
little  raised,  and  becomes  luminous ;  rectified  aether 
also  takes  up  a  certain  portion,  and  when  the  phos- 
phorated fluid  comes  into  contact  with  water  it  pro- 
duces a  luminous  appearance.  Its  representative  num- 
ber is  stated  to  be  12.  We  have  not  hitherto  been  able 
to  reduce  it  into  simpler  forms  of  matter. 

647.  Phosphorus  acts  upon  the  animal  system  as  an 
energetic  poison.  It  has  however  been  employed  in 
medicine,  in  the  dose  of  one-fourth  of  a  gndn,  and  is 
said  by  Leroi  to  be  very  efficacious  in  restoring  and 
establishing  the  force  of  young  persons  exhausted  by 
sensual  indulgence,  and  of  even  prolonging  the  life  of 
the  aged.  Weickard  has  recorded  several  cases  of 
poisoning  by  this  substance. 

648*  If  Phosphorus  be  heated  in  a  confined  portion 
of  very  rare  air,  it  enters  into  combination  with  oxygen, 
and  produces  three  distinct  oxides,  each  characterised 
by  distinct  properties.  The  first  is  a  red  solid,  lesy 
fusible  than  phosphorus ;  the  second  is  a  whit^  sub- 
stance, more  volatile  than  phosphorus;  the  third  a 
white  and  fixed  body» 

649.  Phosphorus  combines  with  earthy  and  metallic 
bases,  forming  a  series  of  compounds  termed  Phos- 
phurets.. 

Phosphorous  Acid. 

650.  If  Phosphorus  be  exposed  to  the  action  of  the 
atmosphere,  this  acid,  together  with  a  portion  of  phos- 
phoric acid  are  formed.  If  our  object  be  to  obtain  the 
former  in  a  state  of  absolute  purity  a  less  direct  process 
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must  be  followed. '  We  must  fii^t  sublime  phosphorus 
through  corrosive  subliniate;  then  mix  the  product 
with  water,  and  heat  it  until  it  assumes  the  consistence 
of  syrup»  The  liquid  Obtained  is  a  compound  of  pure 
phosphorus  acid  and  water,  which  becomes  solid  and 
crystalline  on  coolings'  It  is  add  to  the  taste^  ireddens 
vegetable  blues,'  and  unites  with  salifiable  baa^  form- 
ing Phosphites. 

651.  Phosphorous  acid,  according  to  the  latest  ex« 
periments^  appears  to  be  constituted  of  one  atom  of 
phosphorus  (12)  and  one  atom  of  oxygen  (8.)  Its 
i^presentative  number  therefore  is  20. 

Phosphoric  Acid. 

652.  To  prepare  this  acid  we  have  only  to  burn 
phosphorus  in  oxygen  gas.  This,  however,  is  rather 
done  with  a  view  to  prove  its  nature,  than  to  obtain  it 
in  any  quantity.  For  ceconomical  purposes,  calcined 
bones  are  decomposed  by  sulphuric  acid. 

653.  It  consists  of  one  atom  of  phosphorus  (12)  and 
two  atoms  of  oxygen  (16),  so  that  its  representative 
number  is  28. 

654.  The  salts  which  phosphoric  acid  forms  with 
different  bases  are  termed  Phosphates. 

Phosphoric  acid  exists  abundantly  in  animals  and 
vegetables. 

Phosphubetted,  and  Bi-Phosphubettbd 

Hydrogen  Gases. 

655.  Phosphorus  is  capable  of  combinmg  with  hy- 
-drogen  in  two  proportions,  producing  two  distinct 
compounds;  the  one,  termed  Phosphuretted  Hydro<^ 
gen,  or  Bi'Hydroguret  of  Phosphorus^  not  burning 
spontaneously  when  brought  into  contact  with  the  air, 
but  detonating  violently  when  heated  with  oxygen  to 
iUbout  300*",  the  other,  Bi^Phosphuretted  Hydrogen^ 
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faking  ftre  iiMiiediatdjr  on  comitig  in  contact  wtth  th^ 
aunosptiere ;  a  phenomenon  idiich  may  be  witneaaed 
by  letting  the  gas  escape  into  the  air  as  it  iseaes  from 
the  beak  of  die  retort ;  its  combustion  is  attended  with 
a  circular  dense  white  smoke  which  rises  in  the  form 
iof  a  horizontal  ring,  enlarging  as  it  ascend^  and  form- 
ing a  kind  of  corona.  When  mixed  suddenly  with 
oxygen  gas  a  violent  detonation  ensues ;  the  same  effect 
is  produced  on  mixing  it  with  chlorine,  or  with  nitrous 
oxide.  By  standing  it  deposits  phosphorus,  and  is 
converted  into  phoephuietted  hydrogen. 

656.  The  Phosphuretted  Hydrogen  is  composed  of 
one  atom  of  phosphorus  and  two  atoms  of  hydrogen 
( 12  4- 1 4- 1 )  =:  14.  The  Bi-Phosphurett^  Hydro- 
gen, of  two  atoms  of  phosphorus  and  one  of  hydrogen 
(18+ 12  +  1)  =  25. 

657.  By  the  following  process  Bi-phosphuretted 
hydrogen  may  be  easily  procured  for  the  purpose  of 
experiment.  Into  a  retort,  filled  with  a  solution  of 
potass,  introduce  a  portion  of  phosphorus,  and  apply 
the  heat  of  a  lamp;  in  a  short  time  the  gas  vdll  be 
liberated,  and  may  be  collected  over  water.  This  gas 
inay  also  be  obtained  by  putting  into  five  parts  of 
water  half  a  part  of  phosphorus  cut  into  very  small 
pieces,  with  one  of  finely  granulated  ^inc,  and  adding 
three  parts  of  strong  sulphuric  acid.  Thid  affords  an 
amusing  experiment;  the  gsA  is  disengaged  in  small 
bubbles,  which  cover  the  whole  surface  of  the  fluid, 
and  take  fire  on  reaching  the  air ;  these  are  succeeded 
by  others,  and  a  well  of  fire  is  produced.  The  sulW 
slance  termed  Phosphuret  of  Lime  yields  this  gas  also 
ia  abundaace,  when  brought  into  contact  with  wat^^ 
^¥hich  it  decomposes. 

.    658.    Biopho^huretted  hydrogen  gas  haa  been  alsd 
^P])oeed  to  be  occasionally  evolved  daring  the  putc^ 
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fiMtife  procesd,  and  to  htrre  given  origin  to  those  lu- 
miiioitt  appearantes^  which  are  known  under  the  nanui 
dTWiAo^OieWiflp'^. 

r 

3METALS. 

'  659.  The  Metals  constitate  the  most  extensive  clasrt 
of  Mtheito  undecompounded  bodies.  From  their  nu* 
Merous-chemieal  relations,  their  important  applications 
to  the  arts,  and  the  many  powerful  remedies  to  which 
they  ffft  origin,  it  is  difficult  to  say  whether  to  thd 
philosophical  chemist,  to  the  manufacturer,  or  to  th6 
{>hysieian,  they  present  the  greatest  points  of  interest. 
The  medical  student,  however,  will  not  be  required  16 
pursue  in  detail  the  multifarious  combinations  of  each 
particular  metal ;  a  few  only  possess  medicinal  virtue, 
but  these  must  be  examined  vrith  precision,  and  the 
changes  which  they  undergo,  by  being  united  with 
other  bodies,  will  require  the  most  careful  investiga- 
lion. 

<009.  The  characteristic  properties  of  the  Metals  are 
k  high  degree  of  lustre,  opacity,  combustibility,  and 
the  power  of  conducting  electricity  and  caloric.  A 
eonsidemble  degree  of  specific  gravity  was  also  long 
considered  as  an  essential  character  of  metals,  but  Sir 
ti.  Davy  has  discovered  bodies  lighter  even  than  water, 
which  nevertheless  agree  in  all  other  essential  qualities 
witih  metals,  and  must  cousequently  be  arranged  with 
them.  Metals  differ  also  considerably  in  their  mecha- 
nical properties,  such  as  hardness,  fragility,  and  tena- 
city or  capability  of  extension ;  some,  for  instance,  are 
capable  of  being  extended  almost  indefinitely  under 
the  hammer,  and  are  therefore  called  Malleable,  the 
same  metals  are  likewise  Ductile,  or  admit  of  being 
drawn  out  into  vrire.     Others^  on  the  contrary^  are 
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brittle ;  but  even  this  quality  has  its  degrees*  •  These 
differences  exhibited  by  the  Various  metals  have  been 
assumed  as  the  basis  fer  their  clfssificatioii,  ttfkd  a  dis- 
tinction was  formerly  established,  which  conferred  the 
title  of  Metals  upon  those  only  that  are  malleable,  and 
that  of  Semi'inetals  upon  those  characterized  by  fhip 
gility.  Such  a  distinction,  howevcfr,  was  highly  im* 
proper,  and  has  been  therefore  abandoned.  Nor  do 
metals  differ  less  from  each  other  in  fusibility.  Mer- 
cury is  always  fluid  at  the  ordinary  temperature  of  the 
atmo^here,  while  Platinum  can  scarcely  be  melted  by 
^he  most  intense  heat  of  our  furnaces* 

661.  In  their  chemical  relatione  the  most  striking 
differences  also  subsist  between  the  difierent  metids, 
which  may  be  said  to  correspond  with  their  qualities 
of  unalterability  by  common  agents,  since  the  metallic 
pre-eminence  of  these  bodies,  populariy  speaking,  must 
be  inversely  as  the  number  and  force  of  their  a^Bnities. 
This  has  sanctioned  the  distinction  above  stated,  and 
those  metals  which  are  capable  of  resisting  the  acti<m 
pf  heat  and  air,  such  as  gold,  silver,  and  some  others, 
have  been  dignified  By  the  tide  of  Perjecty  or  Nobk 
metals. 

662.  The  most  popular,  and  perhaps  the  least  ob- 
jectionable, arrangement  of  these  bodies  is  founded 
upon  the  above  general  fact ;  so  that  those  least  afifected 
by  external  agents,  or  which  possess  the  highest  quality 
of  unalterability,  are  made  to  occupy  the  first  place, 
while,  as  we  descend  in  the  scale,  these  qualities  di- 
minish in  a  progressively  decreasing  series,  until  we 
arrive  at  those  which  are  incapable  of  retaining  their 
metallic  lustre  and  appearance,  even  for  a  few  minutes. 
In  a  medical  point  of  view,  however,  that  arrangement 
will  be  found  most  eligible  which  has  a  more  direct 
reference  to  those  combinations  which  are  valuable  a^ 


General  Pf'operties  of  Metals.  S81 

phannnceutical  agents,  or  remedial  substancc^s ;.  in 
treating  therefore  of  metals,  it  will  be  seen  that  I  have 
preferred  an  order  which  is  better  calculated  to  ac- 
compUah  such  an  object. 

663.  Before  we  descend  into  the  details  involved  in 
the  history  of  particular  metals,  it  will  be  desirable  to 
speak  of  those  general  chemical  habitudes  which  chat 
racterize  the  whole  claas. 

664.  Oxygen,  which  forms  one-fifth  of  the  atmos* 
phere,  and  eight-ninths  of  the  aqueous  mass,  exerts 
nn  incessant  and  extensive  dominion  over  metals ;  by 
which  they  lose  their  essential  characters  of  lustre,  and 
tenacity  or  coherence,  and  are  converted  into  earth^like 
masses  in  which  not  a  vestige  of  metallic  character,  ex- 
cept that  of  specific  gravity,  can  be  recognised.  These 
compounds  are  distinguished  by  the  name  oi  Metallic 
oxide»»  All  metals  are  susceptible  of  this  change,  even 
the  noble  metals,  although  they  may  resist  the  joint 
action  of  heat  and  air^  become  oxidized  by  the  v(rftaic 
flame,  or  by  the  agency  of  complicated  affinities.  That 
the  metals  possess  different  attractive  powers  in  regard 
to  oxygen  is  evinced  during  the  most  ordinary  opera- 
tions to  which  they  are  submitted ;  some,  for  instance, 
absorb  it  when  exposed  to  a  temperature  approaching 
a  red  heat,  as  Iron,  Mercury,  &c.;  others  absorb  it 
when  in  fusion,  as  Letfd,  Tin,  Antimony ;  others  again 
at  lower,  or  even  common  temperatures,  as.Arsenic^ 
Manganese,  Potassium,  &c.  In  like  manner  s6me  are 
capable  of  at  once  decomposing  water  at  all  tempera- 
tures, and  of  combining  with  its  oxygen,  while  others 
eflfect  this  change  only  at  a  red  heat ;  potassium  de- 
composes this  fluid  with  a  rapidity  which  amounts  to 
actual  inflammation,  while  iron  filings^  if  moistened 
.with  water,  become  very  gradually  oxidized,  but  if 
the  red  hot  metal  be  brought. into  contact  with  it,  it 
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produces  »  rapid  decompodilion,  and  hydrogm  gM  if 
difengaged  in  tomnU*    (Esp»  fiS.) 

665.  In  certain  cases  the  metal  acquirsa  oxygen  hj 
the  decomposition  of  acids,  or  other  metallia  osidest 
In  general  the  rapidity  with  which  the  mesal  is  oxidized 
by  the  fermer  of  these  agents  is  in  an  viTsne  f^fopon*^ 
tion  to  the  affinity  of  the  acid  base  for  oxygen.  Thoee^ 
which  have  not  been  proved  to  contain  oxygen,  are 
remaikably  inert  in  their  action  on  metals,  and  the 
same  inactivity  belongs  to  other  acids,  in  which  die 
oxygta  and  base  are  held  combined  by  a  powerfiil 
affinity;  concentrated  sulphuric  acid,  fer  instance, 
scarcely  attaoks  any  of  the  metals,  at  common  tempera* 
tares,  because  the  oxygen  and  sulphur,  of  which  it 
oonsists,  forcibly  attract  each  other.  On  the  contrary, 
the  nitric  acid,  which  readily  abandons  a  portion  of  its 
oxygen,  acts  with  considerable  energy,  as  we  have  wit* 
nessed  in  experiment  76.  But  such  of  the  acids 
as  in  their  concentrated  state  refuse  to  transfer  any 
oxygen  to  the  metal,  are  found  to  efiect  this  change  by 
dilution;  this  b  the  case  with  sulphuric  acid;  th^ 
student  may  perhaps  enquire  whether  therefore  dilu^ 
tion  weakens  the  affinity  subsisting  between  the  anlphur 
and  oxygen ; — by  no  means, — the  metal  in  this  case 
derives  no  portion  of  its  oxygen  from  the  acid,  but  from 
the  decomposition  of  the  water,  as  already  explained 
(455) ;  as  a  proof  that  the  acid  in  this  case  undergoes 
no  decomposition,  it  has  been  shewn  that  the  same 
quantity  exists  in  combination  vrith  oxide  of  iron  as 
was  originally  submitted  (o  experiment, 

666«  That  one  metal  may  be  oxidised  at  the  expense 
of  another  is  shewn  by  experiments  96^  27,  96,  &c« ; 
and  again,  if  we  heat  the  oxide  of  mercury  with  metallic 
iron,  we  shall  produce  metallic  mercury  and  oxide  of 
iron;  and  potassium  healed  vrith  oxide  of  manganesey 
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:btcomes  oxidized,  and  metallic  manganese  is  obtained. 

667*  Each  metal  combines  with  a  certain  definite 
quantity  of  oxygen,  and  where  the  same  unites  in  more 
•than  one  proportion,  in  the  second,  third,  and  other 
compouttds,  it  is  a  multiple  of  that  in  the  first,  coh- 
eistent  with  the  laws  of  definite  proportions.  These 
different  results  are  distinguished  by  prefixing  the  Greek 
jiumerals  as  already  explained,  page  S5S ;  although  in 
some  cases  we  give  them  appellations  derived  from  the 
colours  which  they  assume ;  thus  we  9peak  of  the  black 
and  red  oxide  of  mercury,  the  white  and  black  oxide 
of  manganese,  &c«  These  different  oxides  of  the  same 
metal  are,  moreover,  not  only  characterised  by  different 
colours,  but  by  a  distinct  train  of  chemical  properties, 
and  especially  by  different  habitudes  with  respect  to 
the  acids,  as  will  be  shewn  when  we  come  to  speak  of 
metallic  sahs. 

668.  Metallic  oxides  are  decomposed,  and  surrender 
their  oxygen  with  very  different  degrees  of  fiicility. 
Some  undergo  this  change  by  mere  exposure  to  heat, 
as  those  of  gold,  mercury.  Sec. ;  others  require  the  joitit 
action  of  heat,  and  somfe  inflammable  body,  as  hydro- 
gen, phosphorus,  or  carbon.  The  solutions  of  perfect 
metals  at  common  temperatures  are  decomposed  by  the 
above  agents,  and  the  metal  losing  its  oxygen  is  preci- 
pitated in  a  metallic  form,  producing  many  beautiful 
appearances. 

669  When  an  oxide  is  converted  into  a  metallic 
fimn,  it  is  said  to  be  reduced  or  revived ;  and  for  this 
purpose  charcoal  is  usually  employed  in  the  arts.  The 
oxide  is  mixed  with  a  portion  of  inflammable  matter, 
and  exposed  to  an  intense  heat,  when  carbonic  acid, 
and  metal  are  the  results.  In  order,  however,  to  obtain 
the  latter  in  a  coherent  mass,  and  not  in  the  small 
grains  which  would  otherwise  be  formed,  some  sub^ 
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stance  is  generally  added,  which  is  capable  of  being 
melted,  and  of  allowing  the  metal  to  subside  through  it. 
Substances  of  this  kind  are  called  Flumes  J^ 

670*  To  shew  the  power  which  carbonaceous  mat^ 
ter  possesses  of  deoxidizing  metals,  the  student  maj 
perform  the  following  simple  but  interesting  experi- 
ment. 

Exp,  80. — Expose  a  common  red  wafert  to  the  flame 
of  a  candle ;  small  ignited  globules  will  be  ob- 
served to  fall  from  it,  and  if  these  be  collected  on 
a  card  they  will  be  found  to  consist  of  metallic 
lead.  In  this  case  the  flour  of  the  Vafer  is  con- 
verted into  charcoal,  which  immediately  acts  upon 
the  red  oxide  of  lead,  with  which  it  is  coloured, 
and  reduces  it, 

.  671.  Metallic  oxidation  is  a  process  of  great  im- 
portance in  a  medical,  as  well  as  chemical  point  of  view. 
Metals  must  undergo  this  change  before  they  can  unite 
with  acids,  in  order  to  form  salts,  or  before  they  can 
exert  any  activity  on  the  human  body. 

672.  Many  of  the  metallic  oxides  have  an  attraction 
for  water,  and  form  with  it  either  solutions^  or  hydrates. 

*  The  most  useful  substance  of  this  kind  to  the  expert roenUl 
chemist  is  what  is  termed  *'  Black  Flux,^^  which  at  once  effects  the 
reduction  of  many  of  the  metallic  oxides.  It  consists  of  charcoaL 
mnd  sub-carbonate  of  potass,  and  is  best  prepared  by  pro}ectii^ 
mto  a  red  hot  crucible  a  mixture  of  one  part  of  Niire^  and  two  of 
powdered  Tartar,  The  mixture  remains  in  fusion  at  a  red  heat^ 
and  thus  suffers  the  small  globules  of  reduced  metal  to  coalesce 
into  a  button. 

t  In  performing  this  experiment  we  must  select  the  conunon 
red  wafers,  the  superior  kinds  are  coloured  with  vennillion,  which 
will  not  answer  the  purpose.  The  student  may  purchase  the  red 
wafer  which  is  sold  for  killing  beetles,  and  which  will  be  found  to 
answer  admirably. 
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673.  In  some  cases  the  oxides  of  metals,  instead  of 
exhibiting  those  characters  which  have  been  described, 
are  endowed  with  alkaline,  or  acid  properties,  as  will 
be  seen  when  we  treat  of  Potassium  and  Sodium^  and 
of  Arsenic. 

674.  Metals  combine  with  each  other,  and  form 
compounds  which  are  termed  Alloy Sy  except  in  those 
cases  in  which  mercury  enters  as  an  ingredient,  when 
the  results  are  termed  Amalgams*  It  has  been  a  ques- 
tion whether  these  bodies  are  true  chemical  compounds, 
or  merely  mechanical  mixtures,  but  the  changes  which 
each  metal  undergoes  in  its  properties  leave  little  doubt 
of  the  correctness  of  the  former  of  these  opinions.  In 
some  cases,  moreover,  they  are  found  to  unite  in  definite* 
proportions  only ;  an  irresistible  proof  of  their  chemical 
union. 

675.  Besides  oxides,  and  •  alloys,  metals  are  also 
capable  of  giving  rise  to  an  interesting  class  of  com- 
pounds by  their  union  with  Chlorine,  Iodine,  Hydro- 
gen, Carbon,  Phosphorus,  and  Sulphur,  forming  Chlo" 
rideSy  Iodides^  Hydrogurets^  Carburets^  Phosphurets, 
and  Sulphurets. 

676.  The  combinations  of  metallic  bodies  with  Sul- 
phur, the  decompositions  which  they  undergo,  and  the 
various  new  compounds  to  which  they  give  origin  by 
the  action  of  other  bodies,  constitute  one  of  the  most 
obscure  branches  of  chemical  science,  and  which  is 
rendered  still  more  difficult  of  comprehen»on  by  the 
complicated  and  confused  nomenclature  which  has 
been  employed  to  express  their  nature.  Vauqueli^ 
divides  them  into  three  classes,  viz.  1st,  the  compounds 
of  metals  with  sulphur,  which  alone  are  with  propriety 
called  Sulphurets ;  9nd,  the  compounds  of  sulphur 
with  metallic  oxides,  termed  Sulphuretted  Oxides ; 
and  3d,  those  of  sulphuretted  hydrogen  with  metallic 


886  dast^tationpfMeUOt. 

oxideB,  which  have  been  oaned  Hydr»«dl{>huretled 
oxides. 

677.  The  foUowing  is  a  list  of  the  Metals.  Those 
)>risited  in  Italics^  not  poeaessing  any  interest  4o  the 
medical  student,  will  scarcely  require  notice  in  the 
present  work,  and  are  only  introduced  into  the  S{jmop- 
ais  for  the  sake  of  its  general  coheraice. 

■   Class  I.    Metals  that  AVFono  AiiXALiBS,  st 

COMBINING  WITH   A  CERTAIN  PROPORTION  OF  OxiTr 
GEN. 

1.  Potassium       S.  Lithium. 
S.  Sodium 

Class  II.    Metals  that  produce  Earths. 

r 

1.  Calcium  5.  Glucinum       9.  Zirconrnm 

2.  Barium  6.   Yttrium         10.  Silicium. 

3.  Strontium  7.  Aluminum 

4.  Magnesium  8.  Thorinum 

Class  III.    Metals  that  produce  Acids. 

1.  Arsenic  S.  Chromium    5.  Columhium. 

9.  Molybdenum  4.  Tungsten      &  Antimony.  \ 

Class  IV.    Metals  that  ap»or0  only  Oxtdss, 

'WHICH   ARE  neither  characterised  BTAcfDirOR 

Alkaline  properties,  and  which  heiiuiiib  TBns 
action  of  Combustible  matter  for  their  «%* 

DUCTION. 

Order  1./  Those  that  decompose  watery  but  require 
the  assistance  of  a  red  heat  for  that  purpose. 

1.  Manganese      3.  Iron  5.  Cadmium. 

9.  Zinc  4.  Tin 
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Orders.    J^ose  that  do  not  decompose  matet  ai 
any  temperature^ 

1.  Uranium         4.  Titanium      7.  Tellurium 

2.  Ceriuirn  5.  Bismuth        8.  Lead. 

3.  Cobalt  6.  Copper 

Class  V.    Metals,  the  Oxides  of  which  are 

REDUCIBLE   BY  HeAT,   WITHOUT  THE    AID   OP   COM- 
BUSTIBLE MATTER. 

1.  Mercury  4.  Platinum       7.  Iridium 

S.  Silver  5.  Palladium     8.  Osmium 

3.  Gold  6.  Rhodium       9.  Nickel. 


678.  By  combination  with  a  certain  proportion  of 
ioxygen,  the  metals  of  the  first  class  constitute  peculiar 
Jbodies  which  have  been  long  known  under  the  nam^ 
4>f  the  Fixed  Alkalies,  and  are  distinguia^ted  by 
striking  and  important  characters — (oiz*  They  neutralize 
acids  and  give  birth  to  salts.  They  change  the  purp^ 
colour  of  many  vegetables  to  a  green,  the  reds  to  a  pyr- 
ple,  and  the  yellows  to  a  brown.t  Their  taste  is  acri4 
and  urinous^  and  they  act  on  animal  matter  as  powerful 
solvents,  or  corrosives,  combining  with  it  so  as  to  pro 
(luce  neutrality.  With  oils  they  uni^  and  give  rise  to 
compounds  well  known  by  the  name  of  Soap.  With 
water  they  combine  in  every  proportion,  and  are  also 
extremely  soluble  in  alcohol.  As  they  require  a  very 
high  temperature  for  their  volatilization,  they  have  been 
termed,  in  contri^lifitipction  to  Aimnonia,  the  Fixed 
Alkalies. 

679.  With  regard  to  the  qhemical  nature  of  tlieup 

bodies  Chemists  were  long  in  the  most  complete  ignor 
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i  6ec  note  at  page  270. 
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tftnce ;  some  imagined  that,  as  otygen  was  the  acknow' 
ledged  principle  of  acidity,  its  antagonist  hydrogen 
must  constitute  that  of  alkalinity,  a  conjecture  which 
derived  some  support  from  the  known  composition  of 
Ammonia ;  but  no  philosopher  ever  threw  out  a  hint 
as  to  the  probability  of  their  metallic  nature,  until  the 
veil  was  suddenly  withdrawn  by  the  brilliant  discove- 
ries of  Sir  H.  Davy,  who  in  a  memoir,t  unequalled  for 
the  genius  and  sagacity  which  it  displayed,  announced 
the  fact  of  their  reduction  to  a  metallic  form. 

PoTASSll/M. 

680.  If  a  piece  of  caustic  Potass,  previously  moist- 
ened by  the  breath,  be  placed  between  two  discs  of 
Platinum,  connected  with  the  extremities  of  a  Voltaic 
apparatus  of  SOO  double  plates,  four  inches  square,  it 
will  soon  enter  into  fusion ;  oxygen  will  separate  at  the 
positive  surface,  and  small  metallic  globules  will  collect 
at  the  negative  end.  These  form  the  remarkable  metal 
Potassium.  By  this  process,  however,  although  that 
by  which  the  discovery  was  effected,  the  substance  can 
only  be  procured  in  very  minute  quantities ;  and  the 
one  now  generuUy  adopted  is  that  discovered  by  M.  M. 
Ghiy-Lussac  and  Thenard  in  1808.  It  consists  in  melt- 
ing Potass,  and  allowing  its  vapour  to  come  into  con- 
tact With  iron  turnings,  heated  to  whiteness  in  a  curved 
gun-barret.  At  this  temperature  the  iron  combines  with 
the  oxygen  of  the  potass,  and  the  disengaged  Potassium 
collects  in  the  cool  part  of  the  tube. 

681.  Potassium  po^isedses  very  extraordinary  pro- 
perties. It  is  lighter  than  water,  its  specific  gravity 
being  '865.     At  common  temperatures  it  is  solid,  sofl^ 

and  easily  moulded,  like  wax,  by  the  fingers ;  but  at 

,  ..--..-.•■«■. 

+  Phil.  Trans.  1808. 


*     Pr  ope  files  of  Potassium.  189 

59^  It  is  hard  and  even  brittle.  At  105^  it  fuses,  and 
in  a  heat  little  less  than  that  of  redness  it  rises  in  va« 
pour;  if  air  be  present  it  bums  with  a  brilliant  whiUs 
flame.  It  is  perfectly  opaque,  and  when  cut  its  colour 
is  splendent  white  like  silver,  but  it  instantly  tarnishes 
on  exposure  to  air ;  in  onder  therefore  to  .preserreit  we 
must  enclose  it  in  Naphtha  ;f  so  powerful  is  its  affinity 
for  joxjrgen^  and  with  such  energy  does  it  combine  with 
it,  that  if  tlurown  into  water  it  instantly  decomposes  it, 
and  bums  with  a  beautiful  light  of  a^red  mixed  with  a 
violet  colour,  and  the  water  becomes  a  solution  of  pure 
potass.  The  same  phsenomenpn  takes  place  if  it  be 
projected  on  ice,  an  experiment  which  requires  some 
caution,  for  such  is  the  violence  of  the  action,  and  the 
rapidity  with  which  a  portion  of  the  liquefied  water  is 
converted  into  steam,  that  a  slight  explosion  will  some- 
times  occur,  and  throw  the  caustic  product  into  the 
face  of  the  operator.  If  potassium  be  placed  in  chlo- 
rine it  bums  with  great  brilliancy.  It  readily  acts  also 
on  all  fluid  bodies  which  contain  water  .or  much  oxv* 
gen  or  chlorine,  whence  it  becomes  aji  important  in- 
Btmment  of  analysis.  It  has  been  already  stated  that 
carbonic  acid  gas  may  be  thus  decomposed.  <£xp.  71.) 
,  .  682.  Potassium  combines  with  oxygen  in  different 
proportion^,  and  forms  distinct  compounds.  The  bluish 
grey  cmst  which  forms  on  its  surface  by  exposure  to 
4ur  was  at  first  considered  as  an  oxide,  but  it  is  now 
acknowledged  to  consist  of  metallic  Potassium  find  its 
J^roioxide. 

683.     Protoxide   of  Potassium^   or    PotassOy    is 

fomied  by  the  action  of  water  upon  Potassium.     By 

-  —  ■  '■    I  ■  ■      .     II  .        y 

t  On  perfectly  colourless  and  recently  distilled  Naphtha,  Po- 
tassium exerts  hut  little  action,  but  it  soon  oxidates  in  that  which 
has  been  exposed  to  the  air,  forms  an  alksti,  and  produces  with 
.the  Naphtha  a  brown  soap,  which  collects  around  the  g;lobules. 
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<^bMrviikg  the  quantity  of  hydrogen  etolt ed  dumg:  thii 
process,  w«  at  once  obtain  the  proportion  6f  oitjfM 
irhi<ih  Id  transferred  to  the  metdl ;  and  it  appear*  tkac 
100  parts  of  Potassium  thus  unite  with  20  of  ox]^ien ; 
sd  that  the  representative  number  of  Potassium  may  be 
Stat^  as  40,  for  «s  90 :  100  :  r  8  :  40 ;  and  the  prot* 
oxide  will  therefore  be  represented  by  48,  since  it  con-< 
Sists  of  1  atom  of  Potassium  r=  40,  and  1  atom  of  oxy« 
gen  =r  8.  The  Potassa,  or  caustic  Potass^  however, 
as  it  occurs  to  the  practical  Chemist,  contains  a.  certaia 
proportion  of  water,  which  the  most. intense  heat  is 
incapable  of  separating^  it  is  therefore  properly  qpeak** 
ing  the  h^drated  Protoxide  of  Potassium^  consisting 
of  1  atom  of  water  -l"  1  &tom  of  protoxide,  and  its  r&» 
presentative  number  will  accordingly  be  48  -|*  9  =  57. 
Since,  however,  for  chemical  or  medicinal  purposes 
this  hydrate  is  never  obtained  by  the  direct  oxidatioA 
of  the  metal,  iu  mode  of  preparation  will  fkll  mor6 
properly  under  the  consideration  of  the  salt  from  which 
it  is  procured. 

684.  Hydrated  Potass  Is  a  white,  very  aciid  and 
corrosive  ^^ubstance.  It  quickly  absorbs  water  fh>nt 
the  atmosphere,  and  deliquesces,  in  which  state  it  forms 
the  oil  of  tartar  per  deliqUium  of  the  old  chemists.  In 
(solution  it  constitutes  the  Liquor  Poiassce^  and,  whett 
cast  into  sticks  for  the  use  of  the  Surgeon,  the  Pt^toif^ 
Fusa  of  the  Pharmacopoeia.  In  this  latter  state,  how- 
ever, it  contains  some  of  the  Peroxide  described  below 
(687),  and  consequently  evolves  oxygen  when  dissolved 
in  water. 

685.  Potassium  unites  with  sulphur,  and  forms  a 
Sulphurel  of  Potassium^  which  has  been  commonly 
called  Sulphuret  of  Potass..  This  subject  is  one  of  such 
considerable  obscurity,  that  it  is  difficult  to  ofier  an 
explanation  sufficiently  simple.     It  would  appear  that) 
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with  some  excqHions,  (he  Metals  have  a  stronger 
affinity  than  their  oxides  for  sulphur,  and,  aceordingly, 
several  of  the  oxides,  when  heated  with  sulphur,  are 
fhecomposed,  their  oxygen  being  separated  in  the  state 
of  sulphurous  acid^  and  a  true  metallic  sulphuret  re* 
maining  \  such  is  the  case  with  the  oxide  of  Potassium 
iPctufsa.)  There  would  appear  to  be  two  t  distinct 
combinations  of  Sulphur  and  Potassium,  ti%.  a  Sulpku* 
refy  or  JProiO'9ulphureiy  consisting  of  one  atom  of  each 
constituent,  =  16  -^  40  =r  56,  and  a  Bi^Sulphuret 
=  16  +  16  -f  40  =  72.  The  former  of  these  bodTcs 
is  obtained  by  decomposing  the  sulphate  of  Potass  at  a 
red  heat,  by  means  of  charcoal ;  it  is,  however,  difficult 
to  obtiun  it  perfectly  pure,  for  it  acts  both  on  glass  and 
platinum.  It  has  a  pale  cinnabar  colour,  and  a  crys- 
talline fracture;  attracts  moisture  firom  the  air,  and 
dissolves  into  a  yellowish  fluid.  The  second  sulphuret 
is  produced  by  fiising  carbonate  of  potass  and  sulphur 
together,  out  of  the  contact  of  air,  in  proportions  indi- 
cated by  the  atomic  numbers.  When  Sulphur  and 
Potass  are  heated  together^  according  to  the  directions 
of  the  London  Pharmacopceia,  the  carbonic  acid  is  ex- 
pelled from  the  latter,  and  three-fourths  of  the  Potass, 
or  oxide  of  Potassium,  are  decomposed ;  its  oxygen 
combines  with  the  sulphur  to  form  sulphuric  acid,  and 
this,  uniting  with  the  one-fourth  of  the  undecomposed 
Potass,  produces  Sulphate  of  Potass.  The  Potassium 
of  the  decomposed  Potass  combines  also  with  sulphur, 
and  thus  forms  Sulphuret  ofPoiasiium ;  whence,  says 
Mr.  Phillips,  the  ^Potassas  Sulphureium''  of  the  Phar- 

t  BeracUttS,  ky  ^V^iog  th«  pr«portieas  af  Sulplbar  wait  Sah- 
carbonaie  of  Potass^  uaed  in  its  pfeparation,  obtained  what  he 
considers  a  series  of  different  sulphurets,  consisting  of  1  atom  of 
Potass  with  9,  4,  S,  7,  8,  9,  and  10  atoms  of  Sulphur;  bat  the 
greater  number  of  these  are  probably  mere  mixtures. 
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macQpceia  is  a  compound  of  Sulphate  of  Potas^  anfl 
Sulphuret  of  Potassium  ;  I  suspect,  however,  from  the 
proportion  of  sulphur  employed,  that  the  product  con- 
tains a  mixture  of  Protp^sulphuret  and  Busulphuret 
of  Potassium  in  variable  quantities. 

686.  By  exposure  to  air  this  substance  is  soon 
changed,  for  the  sulphur  and  po^ssium,  both  attract* 
ing  oxygen,  give  rise  to  sulphate  of  potass.  It  cannot 
exist  in  solution,  for  the  moment  it  comes  into  con* 
tact  with  water  it  decomposes  it,  the  oxygen  of  which 
forms  Potass  yriih  the  Potassium ;  and  the  hydro- 
gen combining  with  the  sulphur,  produces  sulphu- 
retted hydrogen,  part  of  which  escapes,  while  another 
part  forms,  with  the  excess  of  sulphur,  Bi*sulphure|ted 
.hydrogen,  which  uniting  with  the  base  forms  an  Hyr 
droguretted  sulphuret,  or  which  might  with  more  pro- 
priety be  termed  an  Hjfdroi-bi'Sulphurety  for  since  the 
compound  of  sulphuretted  hydrogen  with  a  base  is 
jcalled  an  Hydro-sulphuret,  would  it  not  be  more  per- 
spicuous tQ  designa^  a  similar  compound  pf  bi-sulphur 
retted  hydrogen,  which  differs  only  in  containing  double 
the  proportion  of  sulphur,  by  the  term  here  proposed  ? 

.  Upon  adding  an  acid  to  the  solution  produced  by  dis- 
solving the  sulphuret  of  Potassium  ,in  water,  a  quantity 
of  Sulphur  is  thrown  down,  sulphuretted  hydrogen  is 
evolved,  and  a  salt  of  potass  remains  in  solution. 

687.  Peroxide  of  Potassium  is  produced  by  heatr 
ing  the  metal  in  a  considerable  excess  of  oxygen.  It  is 
also  formed  during  other  operations ;  it  exists,  for  inr 
stance,  in  very  small  quantises  in  the  Potassa  Fusa  of 
Xhe  Pharmacopoeia.  It  is  an  orange?coloured  substance, 
fusible  at  a  lower  heat  than  hydrated  Potass,  and  crys- 
tallizable  on  cooling.  When  thrown  into  water,  oxy- 
gen gas  is  evolved,  and  it  passes  to  the  state  of  prot- 
oxide.   It  is  conbtituted  of  1  atom  of  Potassium  =  40, 
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-|t  3  atoms  of  oxygen  =  S4,  and  its  representative  nam- 
ber  is  therefore  64. 

.  6jB8*  Potassium  unites  with  chlorine,  but  as  the 
resulting  compound  is  inseparably  connected  with  the 
history  of  the  muriate  of  Potass,  it  will  be  expedient 
to  reserve  its  consideration* 

Sodium. 

689.  Tlie  history  of  this  metal,  and  its  compounds, 
as  w(b11  as  its  mode  of  preparation,  so  nearly  coincide 
with  what  has  been  already  detailed  under  the  head  of 
Potassium,  that  it  will  be  sufficient  to  enumerate  the 
circumstances  in  which  these  twin  metals  differ.  So- 
dium is  somewhat  heavier  than  Potassium ;  its  specific 
gravity  being  *9»  It  is  also  less  fusible.  It  decom- 
poses water  with  the  same  effect  as  Potassium,  but  not 
with  the  same  phieuomena,  for  no  flame  is  produced. 
Its  representative  number  is  34. 

Metals  of  the  Second  Class, 

,  690.  The  compounds  which  result  from  the  oxida- 
tion of  these  metals  have  long  been  known  by  the  name 
of  Earths,  *and  constitute  the  great  mass  of  our  globe ; 
but  since  the  discoveries  which  have  developed  their 
composition,  the  grounds  of  their  distinction  from  other 
.metallic  oxides  have  become  more  limited.  Some  of 
them^  as  Lime,  Baryta,  and  Strontia,  coincide  so  n&arly 
with  alkalies  in  their  taste,  and  in  tinging  vegetable 
colours,  forming  soluble  salts,  and  dissolving  animal 
jnattcr,  that  they  have  been  distinguished  by  the  ap- 
pellation of  Alkaline  Earths ;  while  the  other  mem- 
i>ers  of  this  class  approach  more  nearly  in  their  characr 
tors  to  the  oxides  of  other  metals,  and  have  been 
termed  Earths  Proper. 
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Calcium. 

691.  If  cpiick-Kme  be  electrized  negaU^ly  ki  con- 
tact with  mercury,  an  amalgam  is  obtmoed,  which  «l* 
fords  Cakium  by  distillation.  The  metal,  however, 
has  been  so  imperfectly  examined  that,  at  present,  we 
know  but  little  of  its  properties.  Its  oxide  (quick-lime) 
has  been  supposed  to  consist  of  100  parts  of  Calcium, 
ai>d  39*4  of  oxygen,  which  will  give  us  SO**?  fWr  the 
representative  number  of  the  metal ;  for,  as  39*4  :  100 
: :  8  :  20*3,  and  therefore  SO -f  8  =  S8  wUl  represent 
an  atom  of  lime. 

692.  JUme^  however,  wiU  never  be  prepared  by  ih^ 
oxidation  of  its  metallic  base.  The  oxide  combiiied 
with  carbonic  acid,  constitutes  a  great  mass  of  the  ex« 
terior  crust  of  the  globe,  and  by  submitting  this  sob* 
stance  to  heat  we  drive  off  the  carbonic  acid,  and  ob^ 
tain  Lime,  or  Quick-limej  as  it  is  popularly  termed 
from  its  corrosive  properties,  in  a  state  of  purity.  The 
characters  of  this  body  are  too  well  known  to  require 
minute  description ;  when  pure  its  specific  gravity  is 
2*3;  its  colour  is  grey,  but  it  becomes  white  on  Ex- 
posure to  air,  in  consequence  of  the  absorption  oF 
water,  and  a  little  carbonic  acid.  It  has  an  acrid, 
bitterish  taste,  and  acts  as  a  caustic  on  animal  matter. 
It  is  not  volatile,  and  can  be  only  fused  by  the  intense 
heat  of  voltaic  electricity,  or  of  the  oxy-hydrogeti  blow** 
pipe.  It  absorbs  ^^ater  very  rapidly,  and  falls  into 
powder ;  during  which  change  a  d^ree  of  heat  is  extri'- 
cated  which  is  supposed  by  Mr.  Dalton  to  be  not  less 
than  800^,  and  is  sufficient  to  set  fire  +  to  someinflam*- 


T"*- 


t  Several  iusUmces  stand  recorded  of  fires  having  tieea  occa- 
sioned by  the  sudden  slacking  of  quick-lime.  Theophrastus  mea- 
tions  the  case  of  a  ship,  which  was  loaded  in  pail  with  linen,  and 
in  part  with  quick-lime,  having  been  burnt  by  water  accidentally 
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mabte  bodiisB.  The  caloric  thuB  disengaged  is  that 
contained  in  the  water,  and  which  is  essential  to  its 
fluidity^  the  wat^r^oft  combining  with  the  lime  becomes 
solid,  and  it  is  supposed  in  a  gceater  degree  than  when 
converted  into  i€e«  During  this  operation  of  slacking 
as  it  is  called,  the  viqpour  will  be  found  capable  of  actr 
ing  upon  test  paper ;  this  effect,  however,  is  not  to  be 
attributed  to  the  volatility  of  the  lime,  but  to  its  being 
carried  up  mechanically  on  the  shoulders  of  the  steanu 
The  same  fact  will  explain  the  smell  which  attends  the 
operation. 

693.  Slacked  Lime  is  a  drjf  hydrate,  in  which  the 
water  would  appear  to  enter  in  an  atomic  propor«- 
tion. 

694.  When  a  sufficient  quantity  of  water  has  been 
added  to  reduce  lime  into  a  thin  liquid,  it  has  been 
-called  Milk  or  Cream  of  Lime,  and  is  frequently 
alluded  to  in  medical  and  pharmaceutical  works. 

695.  Lime  is  very  sparingly  soluble  in  water ;  this 
fluid  at  60^  Fall,  uking  up  only  about  l-7dSd  of  its 
weight;  Mr.  Dalton,  however,  has  discovered  the 
curious  fact  that  lime  is  more  soluble  in  cold  than  in 
hot  water. 

696.  The  aqueous  solution  of  Lime,  or  Ume  Water 
as  it  is  commonly  called,  ha^  an  acrid  styptic  taste,  and 
exhibits  all  the  alkaliile  characters.  When  exposed  to 
the  atmosphere,  the  lime  attracts  carbonic  acid,  and 
falls  down  as  an  insoluble  carbonate. 

697.  Barium  and  Strontium  were  obtained  by 
Sir  II.  Davy,  by  distilling  amalgams,  which  were  formed 
with  the  pure  earths,  in  the  manner  already  stated  umlet 

thrown  over  the  latter.  A  similar  acculent  lately  occurred  at 
Edmonton,  from  a  flood  making  its  way  among  the  quick-Iinie 
ill  a  tiricklavtir's  |)reiiii«eSt  which  look  lire,  and  were  enlirelj 
consumed.  » 
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the  history  of  Calcium.  Magkesiuii,-  the  basis  of 
Magnesia,  is  very  imperfectly  known ;  in  the  attempts 
made  to  distil  its  amalgams,  the  netal  a{q)eared  to  act 
upon  the  glass,  even  before  the  whole  of  the  quick- 
silver was  distilled  from  it.  The  other  metals  of  this 
class  have  never  been  exhibited  in  a  separate  state,  bat 
indirect  experiment,  as  well  as  analogy,  authorise  us  in 
concluding  that  they  exist  as  the  bases  of  the  several 
earths  from  which  they  have  derived  their  names. 

Metals  of  the  Third  Class. 

698.  These  m^tals^  of  which  Arsenic  and  Antimony 
alone  possess  any  .interest  to  the  medical  student,  are 
distinguished  from  all  others  in  the  property  which,  they 
^lossess  of  becoming  acidified  by  a  certain  de^ee  of 
x>xidation.  With  other  proportions,  however,  of  oxy- 
gen some  of  these  metals  assume  the  ordinary  charac- 
ters of  oxides.  This  is  remarkably  exemplified  in  the 
history  of  Antimony,  which  forms  with  oxygen  two 
very  distinct  orders  of  compounds.  In  the  first,  they 
act  the  part  of  a  salifiable  base,  as  illustrated  by  Tur- 
iar  Emetic;  in  the  second,  that  of  an  acid,  neutraliz- 
ing the  acids  and  other  bases,  and  giving  origin  to  the 
-salts  called  Antimonites^  and  Antimoniaies. 

Arsenic. 

4)99L  Arsenic  is  rarely  i  found  in  its  metallic  state^ 
but  is  easily  procured  by  art,  from  its  native  combina- 
tions. If  the  zchite  arsenic  of  commerce  be  mixed  with 
^'  black  Jlux*^  (S84  note)  and  put  into  a  crucible,  over 
which  another  is  luted  by  a  mixture  of  clay  and  sand, 
upon  the  application  of  a  red  heat  to  the  under  vessel,  the 
upper  crucible  will  become  lined  with  a  brilliant  metal, 

t  It  16  sometimes  met  with  in  the  veins  of  primitive  rack%  ac- 
compsDyiDg  the  ores  of  silver,  cobalt,  and  copper. 
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not  unlike  polished  steel.  This  is^ metallic  Arsenic;  it 
is  not,  however,  necessary  to  operate  upon  such  a  quan* 
tity  of  white  Arsenic,  as  the  above  arrangement  will 
require,  in  order  to  obtain  experimental  proof  of  the 
decomposition.  By  enclosing  in  a  glass  tube  a  very 
minute  quantity  of  this  substance  with  black  flux,  and 
applying  the  heat  of  a  spirit  lamp  to  the  mixture,  a 
sufficient  portion  of  the  metal  may  be  obtained  for  ex- 
amination.* 

700.  Metallic  Arsenic  is  extremely  brittle,  readily 
fusible,  and  volatile  at  356**.  Its  specific  gravity  is 
8*31.  In  close  vessels  it  may  be  collected  unchanged; 
but  when  thrown  on  a  red-hot  iron,  it  burns  with  a 
blue  flame,  and  a  white  smoke,  yielding  at  the  same 
time  the  strong  smell  of  garlic,  which  it  must  be  remem- 
bered belongs  alone  to  the  metal. 

701.  Arsenic  unites  with  oxygen  in  two  definite 
proportions,  and  'produces  two  distinct  compounds, 
both  of  which  are  possessed  of  acid  properties.  By 
exposure  to  air,  indeed,  a  bulky  blackish  powder  is 
obtained,  which  Berzelius  was  disposed  to  regard  as  a 
tub^oxide,  but  it  is  evidently  nothing  more  than  a  mix- 
ture of  metallic  arsenic  and  white  arsenic. 

702.  Arsenious  Acid,  or  the  white  Arsenic  +  of 

•  For  the  delicacy  of  manipulation  required  for  thus  detect- 
ing the  presence  of  Arsenic,  the  reader  may  consult  my  Pharmar 
cologia,  or  my  work  on  Medical  Jurisprudence.  The  object  of 
the  present  Treatise  being  to  teach  the  Elements  of  Chemical 
science,  rather  than  to  direct  its  applications. 

f  It  is  brought  chiefly  from  th«  Cobalt  works  in  Saxony.  The 
ores  of  that  metal  contain  much  Arsenic,  which  is  driven  off  by 
long  torrefaction.  The  vapours  are  collected  and  condensed  into 
a  greyish  or  blackish  powder,  which  is  refined  by  a  second  subli- 
mation in  close  vessels,  with  a  little  potass,  to  detain  the  impurities. 
As  the  heat  is  considerable,  it  melts  the  sublimed  flowers  into 
those  crystalline  masses  which  are  met  with  in  commerce. 
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commerce,  sometimas  cal}ed  the  while  omidcj  is  ibe 
first  ppoduct  of  the  metal's  oxidauoa,  and  may  be  easily 
procured  by  its  combustion.  It  occucs  in  shining  semi*- 
vitreous  lumps,  braking  with  a  conchcMdal  fnM^ure^ 
its  taste  is  acrid  and  corrosive,  leaving  an  impression 
of  sweetness;  its  ^>ecific  gravity  is  3*7;  at  the  tem- 
perature 383^  it  is  volatilized,  but  by  a  strong  beat  ii 
is  vitrified  into  a  tranqiarent  glass  which  is  capable  of 
crystallizing  in  the  form  of  an  octohedron.  Its  v^)our 
is  wholly  inodorous,  although  it  frequ^itly  will  appear 
to  yield  the  smell  of  garlic,  on  account  of  the  facility 
with  which  it  is  metallized  (See  Arsemcum  Album  iss 
the  6th  Edition  of  the  Pharmacologia.)  It  is  soluble 
in  water,  requiring  400  parts  of  water  pit  GO'',  ,bat  only 
JS  at  SIS'*.  Klaproth  has,  however,  shewn,  that  if 
1  OOparts  of  water  be  boiled  on  the  arsenious  acid,  and 
auflkred  to  cool  it  will  retain  three  grains-  in  solution, 
and  deposit  the  excess  in  the  form  of  tetrahedral  cry- 
stab.  It  is  also  soluble  in  70  or  80  times  its  weight  of 
alcohol,  and  in  oils.  It  would  appear  to  fulfil  all  the 
principal  functions  of  an  acid ;  it  reddens  vegetable 
blue  colours,  and  combines  with  pure  alkalies  to  satu- 
ration, giving  rise  to  a  class  of  salts  termed  Ar seniles, 

703.  Arsenious  acid  would  appear  to  be  constituted 
of  one  atom  of  arsenic  and  two  ^Uoms  of  oxygen.  The 
representative  number  of  the  metal  has  been  stated  as 
38,  and  consequently  that  of  arsenious  acid  will  berr 
38+8+8=54. 

704.  Arsenic  Acid.  This  compound  is  obtained 
by  distilling  a  mixture  of  4  parts  of  mmiatic  and  24  of 
nitric  acid  ofi*  8  parts  of  arsenious  acid,  grad«ally  rais- 
ing the  bottom  of  the  retort  to  a  red  heat  at  the  end 
of  the  operation.  It  may  also  be  procured  by  repeated 
.distillation  with  nitric  acid  only.  This  acid  has  a 
metallic  and  sour  taste ;  it  reddens  vegetable  blues j 
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attracts  humidity  from  the  atmosphere ;  and  eflbnresces 
strongly  with  dolutioiis  of  the  alkaliae  carbonates. 
When  evaporated,  itdoesiiot  cryvtallice  but  assumeB 
the  cosMstence  of  jelly.  It  is  much  more  wduble  than 
the  ar8eni«u8  acid,  two  parts  of  water  being  sufficient 
for  this  purpose.  Its  union  with  salifiable  baaes  pro- 
duce a  ckuas  of  salts  cMtd  jirseniaies, 

705.  It  appears  that  the  oxygen  in  this  acid,  com«* 
pared  with  that  in  the  ars^iiovs  is  as  3  to  2,  its  re- 
presentative number  will  therefore  be  (38  |  8  |  8  ■}  8) 
=62. 

706.  Both  the  above  acids  are  most  virulent  poisons. 

707.  Arsenic  unites  with  Chlorine,  forming  a  Chlo- 
ride of  Arsenic.  This  combination  may  be  efieoted  by 
throrwing  the  metal  finely  powdered  into  Chlorine, 
when  the  former  inflames,  and  a  whitish  deliqueseent 
and  volflLtile  compound  results.  It  may  be  also  ob- 
tained by  distilling  6  parts  of  corrosive  sublimate  with 
1  of  powdered  arsenic;  the  chloride  in  the  form  of  an 
unctuous  fluid  passes  into  the  receiver,  and  was  for- 
merly called  BtHter  of  Arsenic.  According  to  the  most 
probable  view  of  its  composition,  it  consists  of  one 
atom  of  arsenic  atid  two  atoms  of  chlorine ;  itsrepre- 
oentetive  number  will  therefore  be  (984-86-[-3S)=H  10. 

708.  'Hiere  are  two  Sulphurets  of  Arsenic^  both  of 
wfaidh  eipe  found  native,  rt«.  a  red  compound,  called 
ftealgar;  and  a  bright  yellow  one,  named  Orpiment. 
The  former  of  these  may  be  artificially  formed  by 
slowly  fusing  a  ^xture  of  metallic  arsenic  and  sul- 
phur, or  by  heating  white  arsenic  with  sulphur.  The 
latter,  by  dissolving  white  arsenic  in  muriatic  acid, 
and  precipitating  by  hydro-sulphuret  of  ammonia. 
It  is  a  very  curious  fact  that  while  these  native  isal- 
lihurets  are  medicinally  inert,  the  same  compounds 
when    artificially    producied   are  extremely  "virulent. 
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M.  Renault  supposed  that  d>is  remarkable  dififer- 
ence  of  effect  was  owing  to  the  metal  being  oxidized 
in  the  latter  case,  and  in  its  metallic  state  in  the  former, 
but  this  conjecture  is  not  suppbrted  by  experiment; 
The  atomic  constitution  of  these  bodies  has  not  beert 
satisfactorily  established. 

709.  Arsenic  forms  alloys  with  most  of  the  metals, 
and  they  are  generally  brittle ;  that  however,  which  it 
forms  with  copper,  is  white  and  malleable* 

Antimony. 

710.  The  word  Antimony  is  always  used  in  com- 
merce to  denote  an  ore  which  is  the  Sulphuret  of  that 
metal ;  sometimes  this  ore  is  called  crude  Antimony,  to 
distinguish  it  from  the  pure  metal,  or  Reguius^  as  it 
was  formerly  termed.  In  order  to  obtain  metallic  Anti- 
mony, the  native  Sulphuret  must  be  mixed  with  two- 
thirds  its  weight  of  crude  tartar  (bi-tartrate  of  potass) 
and  one-third  of  nitre.  This  mixture  is  then  to  be 
projected,  by  spoonfuls,  into  a  red  hot  crucible ;  and 
the  resulting  mass  poured  into  an  iron  mould  greased 
with  a  little  fat.  The  Antimony,  on  account  of  its 
specific  gravity,  will  be  found  at  the  bottom  adhering 
to  the  scoriee,  from  which  it  may  be  separated  by  a 
hammer.  Or  it  may  be  obtained  by  fusing  two  parts 
of  the  sulphuret  with  one  of  iron  filings  in  a  covered 
crucible;  to  which,  when  in  fusion,  half  a  part  of  nitre 
may  be  added.  In  this  case  the  sulphur  quits  the 
antimony  and  unites  with  the  iron.  The  metal,  how- 
ever, is  still  contaminated  with  foreign  matter,  it  must 
therefore  be  dissolved  in  nitro-muriatic  acid,  and  the 
solution  poured  into  water ;  when  a  white  precipitate 
will  take  place,  which,  if  dried,  and  mixed  with  twice 
its  weight  of  crude  tartar,  and  then  fused,  will  surren- 
der the  metal  in  a  state  of  absolute  purity. 


71  i  I  Thi»  iiitfial  is  of  a  siHery  white  colour/  nvy 
brittle,  mud  -oH  A  pftititd  or  6ctly  teatiam )  its  tpteific 
graTity  is  6*719.  kfiiMtf  ftc  6l6^,  and  on  boolkig  «tfy«- 
tdlkes  Itt  did  feroi  'oP  pymnid*. 

71V.  Andtodny  nottibiiMi  wkh  oxyt^ti  iii  sttettl 
defiiriCe  f^j^MofiA^  bai  ClMtnlsis  tev6  dtftr«d  m'vSi 
eadi  oihxit  'te  to  th«  flUHttei'  likidlSOM^itibn  df  ^the 
resnltlAg  okidesw  Ac«d«^i^td  Probst  fhey  may  all 
be  t4d^6eA  to  two.  B^inefius  hta  destrib^  (cmt  eotti- 
pouildS)  but  in  tSete^  h^  ha«  intlud«d  the  subst^n^ 
obtaih^d  by  long  exposuitg  ot  tbe  metal  io  n  humid 
atmospiier^,  tad  which  he  ha3i  balled  a  iub-ojrtdd,  btit 
it  does  not  appear  to  be  a  definite  <K>mpoiind»  We 
may  therd^H^  safely  admii  the  exisunce  of  ctiwe  oitides, 
ihetWo  l&tter  Of  wkii^)  dlf  they  ftotnbifte  Wllh  MHMUe 
bases  and  ^tSorA  a  elasft  of  stiklM,  mmt  b^  amtng^d 
among  acids.  - 

71%  ProiosHde  ofAMtikbny  may  be  pmcui^d  by 
potArhig  muriate  of  anClnlOAy  into  water ;  waiAiitig  the 
preti})itdte^  first  with  a  ^etf  w'eak  solution  of  potsdft, 
and  nherWte^ds  with  w«ter ;  and  then  drying  it ;  Or,  by 
boiling  60  palts  of  powdered  mettdlio  antimony  with 
900  parts  of  concentrated  sulphuric  acid;  wittshing  the 
residuum  first  with  a  weak  solution  (^potass^  and  then 
with  hot  Witter,  and  dtyii^.  It  may  alio  be  procured 
by  precipkathi^  the  well  known  srit  TdrM^  Em^ttc 
with  pute  ammonia,  and  edulcorating  the  precipitate 
with  hot  Water.  Thiii  oxide  is,  moreover,  the  imme^ 
dlate  product  of  the  combustion  of  the  metal,  and 
^onMitutes  what  were  formerly  termed  tbfe  ArgenffM 
Jloweri  of  Anthnany^  It  is  fusible  at  a  red  heat,  and 
IS  deootnposed  by  sulphur  and  charcoal.  Wh^n  acted 
on  by  nitric  acid  it  is  converted  into  peroxide.  It  ap*- 
pears  to  be  the  only  oxide  which  is  capable  of  acting 
as  a  true  base  with  acids ;  and  is  that  which  seen)s  to 

9  c 
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"pofmm  the  grealest  degree  of  medicinal  actiyity;  ic 
:  accordingly  exists  in  all  those  antimonial  pvq[MuratioB9 
vdiich  are  distinguished  for  their  efficacy.'* 

714.  The  Deutoside  was  procured  by  Qeraeliufi  by 
'  the  action  of  nitric  acid  on  the  metal)  the  product  of 
which  was  evaporated  and  ignited ;  or  it  may  be  pro- 
duoed  by- calcining  the  protoxide  in  a  platinuin  cru- 
.cibles  when  calcined  sufficiepfly,  bi^^  not  too  much, 
•  its  colour  is  snow  white.    On  account  pf  its  a<;id  pro- 
;  perties,  Ber^elius  bestowed  upon  it  the  nam^  of  Stt- 
,biou$  acid,  from  the  Latin  a{q)ellation  oi  the  metal, 
Stibium;  it  is,  however,  more  generally  ci^ed  Anii' 
'.moniaui  acid,  and  the  salts  to  which  it  gives. birth,  aie 
.accordingly  termed  AfUimomtes.    Peroxide  of  Anti- 
mony i%  {HTQCured  by  acting  for  a  considerable  time 
upon  the  powdered  metal,  by  excess  of  hqt  niti^c  acid, 
and  exposing  the  product  to  a  red  heat.  .  It  has  a,  yel- 
low white  colour,  is  difficultly  fusible^  and  fonyts  fl^ts 
with  salifiable  bases,  but  not  with  acids.    It  has  been 
,  termed  by  Berzelius  Stihic  acid,  but  Aniimonic  acid 
•is  a  preferable  luune.   Its  salts  are  thefefore  palled  An^ 
iimoniates.    It  constituted  th^  Diaphoretic  Antimony 
rof  the  old  Pharraaoopceias,   but  it  has  little  or  no 
medicinal  efficacy. 

^  7L5.  The  atomic  composition  of  these  bodies  is  by 
no  mes^is  satisfactorily  established.  Proust,  Berzelius, 
and  Dr.  Thomson  have  given  diflfeient  views  regarding 
.it;  that,  however,  furnished  by  the  latter  philosopher 
is  inore  consistent  with  the  general ,  law  of  chemical 
.combination,  and  Dr.  Henry  thinks  we  may  accord- 
ingly assume  44,  as  the  equivalent,  number  of  Anti- 
mony, and  consider  the  protoxide  as  constituted  of 
.one  atom  of  metal  and  one  of  oxygen  (44-f8)=5S; 

^ • 

*  These  wtU  be  found  enumerated  in  my  Pharmacologia,  under 
the  head  **AmHmom&  Su^^huretum.*' 
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tke  deutoxidey  of  one  and  one  a  half  (44-(-12)r=56 ; 
and  the  peroxide^  of  one  and  two  (44-{-16)=:60.  We 
have  here,  howerer,  with  r^ard  to  the  deutoxide,  the 
anomaly  of  the  multiple  of  the  oxygen  of  the  first  oxide 
being  1 1  instead  of  an  entire  number. 

716.  A  Chloride  of  Antimony  may  be  produced  by 
the  same  processes  as  those  described  under  the  head  of 
Chloride  of  Arsenic.  It  moreover  results  from  the  so- 
lution of  the  protoxide  in  muriatic  acid.  This  sub- 
stance was  formerly  known  under  the  name  of  Butter 
of  Antimony y  so  caUecTfrom  its  consistency.  At  com- 
mon temperatures,  it  is  a  soft  solid,  which  liquefies  by 
heat,  and  cystallizes  on  cooling.  On  exposure  to  air 
it  deliquiates,  and,  when  poured  into  water,  a  precipi- 
tate falls  which  is  a  sub»muriate  off  theprotomde^  and 
constitutes  a  once  celebrated  preparation,  known  by 
the  name  of  Powder  off  Algarotk;  it  is  violently  pur- 
gative and  emetic  in  doses  of  three  or  four  grains. 
From  this  precipitate  the  muriatic  acid  is  removeable 
by  a  weak  solution  of  potass^  and  the  oxide  remains 
pure  (71S).  Chloride  of  Antimony  probably  consists 
of  one  atom  of  each  constituent,  its  representative 
number  will  therefoite  be  (444^S6)=80. 

717.  Sulphuret  off  Antimony.  It  has  been  already 
stated  that  this  compound  constitutes,  the  crude  Anti- 
mony of  commerce,  it  may  also  be  artificially  prepared 
by  fVising  the  metal  with  sidphur.  It  consists  of  one 
atom  of  each  of  its  constituents ;  its  number  will  there- 
fore be  (444-16)=:60. 

718.  When  this  Sulphuret  is  exposed  to  the  joint 
action  of  heat  and  air,  the  greater  part  of  the  sulphur  is 
dissipated ;  and  the  antimony,  by  combining  with  the 
oxygen  of  the  air,  is  converted  into  protoxide ;  it  is 
then  strongly  heated  in  an  earthem  crucible,  by  com-, 
bining  with  some  of  the  silica  of  which  it  forms  a 

9  c  2 
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speciee  of  glass,  and  h^noe  is  caUed  QloH  of  Anti* 
tnony;  this  substahce  domists  of  8  parts  of  protoxide 
of  antimony,  with  a  variable  proportion  of  8ilicl^  some^ 
times  amounting  to  10  per  cent.,  and  one*  pdri  of  suK 
phuret.  This  article  is  often  found  in  the  market 
mixed  with  glass  of  lead,  And  do  great  is  die -resem- 
blance between  these  substances,  that  on  inspection, 
l!he  most  experienced  eye  nkaybe  deceived;  their 
specific  gravities j  howeVef,  will'  afford  an  easy' method 
of  discrimination  (50).  One  p^tt  of  oxide  of  antiii&ony 
and  two  of  sulphuret  give  an  opaque  doitapound,  of  a 
red  coIoUf  inclining  to  yellbw;  and  called  Crocus 
Metalhrom.  With  eight  p&rts  of  oxide  and  fonr  of 
sulphuret,'  an  opuque  mass  is  produced  of  a  dark  red 
colour,  called  Livet  of  Antimony. 

719.  Sulphuretted  hydrogen  is  capable  of  comlnhing 
with  the  protoxide  of  antimony ;  and  of  giving  origih 
to  compounds  which  h^e  been  long  used  in  mecfidne ; 
the  finrt  of  these  has  been  called  Kermcs  Mineral  i  the 
latter  Golden  Sulphur  ofAntimonyy  and  is  the  Anti^ 
monii  Salphurctum  PrcBcipitdtum  of  the  present  Louh- 
don  Pharma(^opoeia.  When  the  powdered  natiVe  siiT- 
phuret  is  boiled  in  a  solution  of  Potass,  tarious  compcp- 
sitions  and  decompositions  arise,  and  the  solutrdn,  on 
cooling,  deposits  an  Hydtt)«sulphuretted  Oxide  of  An- 
timony, which  is  Kermcf  Mineral,  On  the  addition 
of  a  dilute  acid  t6  the  cold  solution,  a  precipitate  of  li 
brighter  colour  ensues,  and  this  i^  the  preparation  of 
the  Pharmacopceia.  In  my  Lectures,  I  have  usually 
endeayoured  to  impress  upon  the  student  th6  nature  of 
the  chemical  changes  which  take  place  by  the  follow- 
ing diagi^m. 
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Sulphur.  I  J  I  Antimony. 

Potass.     Hydrogen.     Oxygen. 


Hydro4SuIphuyet  of  Potass.  Oxide  of  Antimony. 

Sulphuret  of  Antimony  and  a  Solution  of  Potass 
are  the  agents  employed^  which,  it  will  be  seen,  fur- 
nish Sulphur,  Potass,  Hydrogen^  Oxygen,  and  Anti- 
.mony.  During  the  boiling,  the  potass  combiner  with 
the  sulpl^uT  of  the  sulphuret  of  antimony,  and  fprms 
Sulphuret  of  Potass ;  which^  decomposing  part  of  the 
water,  attracts  its  hydrogen  and  becomes  Hydro«»sul- 
phuret  of  Potass^  while  its  oxygen  converts  the  anti- 
mony into  an  oxide,  which  latter  substance  is  dissolved 
by  the  alkaline  hydro-sulphuret.  As  the  solution  cools, 
the  afiinities  by  which  these  bodies  are  held  togc^tjier 
jand^rgo  a  change,  and  the  oxide  of  ^timony,  falling 
down  in  combination  with  sulphuretted  hydrogen,  con* 
stitutes  Kermes  Mineral.  When  sulphuric  acid  is 
added  a  Sulphate  of  Potass  is  formed,  and  sulphuretted 
hydrogen  is  disengaged,  while  the  oxide  of  antimony 
combines  with  the  remaining  sulphuretted  hydrogen, 
and  with  the  excess  of  sulphur;  the  difiference  therefqre 
between  the  Kermes  and  the  golden  sulphur  cpnsi^tB 
in  the  latter  having  a  greater  proportion  of  sulphur ; 
if  the  one  be  called  an  Hydro-sulphuret  of  the  oxide, 
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the  other  may  be  said  to  be  ^n  Hydro-hi^sulphuretf 
or  an  Hydroguretted  sulphuret,'  The  preparation, 
however,  of  the  Pharmacopoeia  will  not  be  found  to  be 
either  one  or  the  other  of  these  compounds,  but  a  mix* 
ture  of  both.  Other  explanations  have  been  oflfered^ 
but  I  am  induced  to  believe  that  the  one  here  given 
approaches  more  nearly  to  the  truth. 

Metali  of  the  Fourth  Class. 

790.  The  compounds  which  result  from  the  com* 
bination  of  these  metals  with  oxygen,  are  neither  acid, 
nor  alkaline,  but  in  the  strict  sense  of  the  term  Oxides^ 
and  which  cannot  be  reduced  to  a  metallic,  state,  with- 
out the  aid  of  the  affinity  of  some  combustible  body. 

Manganese. 

791.  This  metal  has  never  been  found  native ;  and 
such  is  the  force  with  which  it  holds  a  certain  propor- 
tion of  oxygen,  that  considerable  address  is  required 
for  its  reduction.  The  black  substance,  known  in  com- 
merce by  the  name  of  Manganese,  is  a  per-oxide,  con- 
taminated, however,  with  carbonate  of  lime,  the  oxides 
of  iron,  copper,  and  lead,  and  sometimes  with  a  small 
quantity  of  baryta.  If  a  ball,  made  with  the  powder 
of  this  oxide  and  pitch,  be  introduced  into  a  crucible, 
the  empty  space  of  which  is  iilled  with  powdered  char- 
coal, and  submitted  to  the  strongest  heat  that  can  be 
raised  for  the  space  of  an  hour,  we  shall  obtain  metal- 
lic manganese.  It  is  of  a  dusky  white  colour,  very 
brittle,  and  difficult  of  fusion. 

799.  Chemists  have  differed  with  respect  to  the 
number  and  composition  of  the  oxides  of  this  metal. 
Sir  H.  Davy  admits  only  two,  the  olive,  and  the  black ; 
Mr.  Brande  enumerates  three ;  M.  Thenard  four ;  and 
Berzelius,  five.     There  appear,  however,  to  be  three 
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wbkh  are  well  defined.  The  Protoxide  consigUng  of 
one  atom  of  metal  -}-  one  of  oxygen ;  the  Deutoxide 
of  one  -}-  one  and  a  half ;  and  the  Peroxide  of  one  4* 
(ftree.  Dr.  Thomson,  from  the  analysis  of  Che  sulphate^ 
infers  the  equivalent  mimber  of  manganese  to  be  88 ; 
that  of  the  protoxide  will  therefore  be  (28 -{-8)  =  96; 
that  of  the  deutoxide  (S8  -{-  8  -{-  4)  =  40 ;  and  that  of 
die  peroxide  (88  4-  8  -{-  8  -|-  ^  =  5S.  The  peroxide 
is  that  which  alone  interests  the  medical  student,  and,' 
on  account  of  the  facility  with  which  it  yields  a  portion 
of  its  oxygen,  it  proves  a  valuable  chemical  and  phar- 
maceutical agent.  By  intense  heat  the  peroxide  passes 
into  the  state  of  deutoxide,  but  the  highest  elevation 
of  temperature  fails  in  producing  any  farther  decom- 
position. This  fact  depends  upon  the  operation  of  a 
law  of  chemical  affinity  which  has  been  already  con- 
sidered (269.) 

723.  Some  chemists  have  supposed  that  the  Perox- 
ide is  susceptible  of  still  farther  oxidation,  by  which  it 
acquires  the  properties  of  an  acid.  This  hypothesis  is 
Supported  by  the  phnnomena  exhibited  by  a  substance 
which  is  termed  Cameleon  Mineralj  and  which  ts  ob- 
tained by  igniting  together  equal  parts  of  black  Man- 
gtmese  and  nitre.  This  body  has  the  singular  property 
df  exhibiting  different  colours,  according  to  the  quan* 
tity  of  water  added  to  it. 

Exp.  81. — ^Introduce  into  a  wine  glass  a  small  piece 
of  this  substance,  and  pour  over  it  a  little  more 
water  than  may  be  sufficient  to  cover  it ;  a  green 
solution  will  result;  add  more  water,  and  the 
colour  will  become  blue ;  bjr  faither  additions  it 
will  successively  become  purple^  and  deep  purple 
Exp.  82.-^Put  equal  quantities  of  this  substance 
'  into  two  separate  wine  glasses,  and  pour  hot  water 
^n  the  one,  and  cold  water  on  the  other.  The  hot 
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solulion  .will  bave  a  beautiful  gr^eu  colour,  and 
the  ccUd  one  tbat  ^,a  .4e«p  purple. 
.  784.  M .  M.  CheYillot  ao4  Edwards  couceiTe  dutt 
in  ttds  compound  the  Manganese  is  conv^ted  into 
Manganesie  acid,  which  combioes  with  the  potass  aad 
forms  a  M/a9gi$ne$i9te.  Forckamm^  suppofKs .  ihat 
two  acids  exist,  and  that  the  different  eoloura  of  the 
solution  depend,  upon  the  conveiwm  of  th^  liHMi^iH 
neicout  into  the  matiganfisie  acid. 

ZilNC. 

725.  This  is  a  brilliant  white  metal,  the  specific 
gcavity  of  which  varies  from  6-66  to  7-1*  It  melCfl  at 
680^,  and  the  fused  mass,  on  cooling,  crystallixes* 

7!^6*  There  is  but  oi}e  known  oxide  of  ^inc^  which 
is  produced  either  by  combustion,  or  by  bringing  ibe 
vapour  of  water  in  contact  with  it  whe^  in  the  state 
of  ignition. 

Exp.  8Sd— ^Throw  into  a  crucible,  heated  to  white- 
ness, a  frsgment  <^  Zinc ;  it  takes  fine,  and  hwois 
with  a  beautiful  flame  of  intense  briUiance,  horn 
which  a  white  oxide,  mixed  with  a  little  car* 
bonate,  sublimes,  having  a  considerable  resem* 
blanee  to  carded  wool,  and  hence  it  was  fcrmetly 
called  Lana  Pkilosopborum.  Dr.  Henqr  takes 
the  equivalent  of  2inc  to  be  SS,  and  henoe  this 
oxide  will  he  (33 -{-8)  =r  4L 

Iron. 

'  7S7.  This  metal  is  more-  universally  diffiised  than 
any  other  with  which  we  are  acquainted*  Few  minend 
substances  are  free  frcnn  it;  it  is  also  found  in  mineral 
avaters,  and  in  animal  and  vegetable  bodies.  It  occurs 
in  combination  with  sulj^ur,  but  its  oxides  and  car- 
laonates  furnish  the  immense  supplies  which  .are  re- 
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quirad  fpr  die  arts  of  life.  li  Jias  nerer  been  foimd 
native ;  ie^cept  ia  a  state  of  alloy  with  Nickel,  and 
whii:k ii  therefore  suppofed  to. have  a  meteoric  origin^ 
fior  a  aimilar  alloy  is  found  in  mcUoric  $ianei. 
.  728.  The  pocess.  by  which  Iron  is  produced  from 
its  orea.a>ii8titute8  th^  ait  of  Smeltmgj  and  consists  in 
decomposing  them  by  the  action  of  dmrcoal .  at  high 
temperaiures. 

729.  Iron  has  a  blueish^white  colour,  and  admits  of 
a  high  degree  of  polisiL  It  is  extremely  malleable,  and 
although  it  cannot  be  beaten  out  to  the  same  decree  of 
thinness  as  gold  or  silver,  it  is  extremely, ductile^. and 
so  tenacious  that  a  wire  only  xi^^l^  ^^  vi  inch  in 
diameter  is  capable  of  supporting  a  weight  of  nearly 
50  lbs.  it  requires  the  most  intense  heat  of  o^t  fiur« 
naces  for  its  fusion*  Cast  Iron  contains  oxygen,  car* 
bon,  sulphur,  and  silica ;  and  is  converted  into  wrought 
iron  by  a  process  called  Pudling.  It  consists  in  stir* 
ring  the  metal,  when  in  a  state  of  fusion  in  the  xever* 
beratory  furnace,  sp  as  to  bring  ^ery  part  in  contact 
with  the  air  and  flapae. 

730*  Iron  combines  with  oxygen  in,  at  least,  two 
proportions ;  constituting  the  Protfisidcy  or  black  ox* 
ide,  and  the  Peroxide  or  red  oxide  of  iron. 

731.  The  Pr^io^ide  is  produced  by  burning  iron 
in  oxygen  gas  (Exp.  56),  or  by  exposing  the  metal  at 
an  elevated  temperature  to  the  action  of  the  air ;  the 
■mall  fragments,  for  instance,  which  fly  from  a  bar  of 
iron  during  the  operation  of  forgii^,  consist  of  this 
oxide.  lion  undergoes  the  same  change,  although 
more  slowly,  when  exposed  to  the  atmosphere,  eqse* 
cially  if  the  air  be  moist,  when  in  common  language  it 
18  said  to  rust;  so  again,  when  the  steam  of  water  is 
brought  into  contact  with  red  hot  iron,  the  latter  is 
converted  into  the  black  oxide,  and  a  torrent  of  by* 
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drogen  gas  is  eyolved  {Exp.  55).  Water  also,  at  the 
temperature  of  the  atmosphere  appears  to  oxidize  iron 
very  slowly  {Exp.  77.) ;  but  it  has  been  asserted  that 
this  efiect  is  not  produced,  unlete  atmospheric  air  be 
present.  In  order  to  obtain  this  protoxide  in  a  state 
of  purity^  we  may  precipitate  it  from  a  solution  of 
sulphate  of  iron  by  potass,  wash  the  precipitate  out 
of  the  contact  of  air,  and  then  dry  it  at  a*  low  heat. 

73S.  This  protoxide  constitutes  the  basis  of  several 
of  our  medicinal  preparations;  and  which  therefore 
require  to  be  carefully  preserved  from  the  action  of  the 
air,  in  order  to  prevent  farther  oxidation. 

733.  Peroxide  of  Iron.  When  the  protoxide,  or 
iron  itself,  is  dissolved  in  nitric  acid,  and  boiled  for 
some  time,  the  solution  will  yield  a  precipitate  by  am- 
monia; which  must  be  washed,  dried,  and  calcined  in 
a  low  red  heat.  This  is  the  peroxide^  or  red  oxide  of 
iron^  which  was  formerly  called  Saffron  of  Mars.  It 
enters  into  several  medicinal  preparations,  and  appears 
to  possess  activity  when  combined  with  bodies  that 
are  capable  of  promoting  its  soIubiUty. 

734.  These  two  oxides  form  distinct  salts  with  the 
acids,  the  characters  and  habitudes  of  which  will  be 
hereafter  considered.  There  appear  also  to  be  tw6 
hydrates^  or  hydro^oxideSj  corresponding  to  the  two 
oxides  which  are  obtained  whenever  we  precipitate 
iheir  respective  solutions  in  an  acid,  by  a  fixed  alkali. 
TIte  substance  termed  Ochre  is  a  native  hydrate  of  the 
peroxide,  mechanically  mixed  with  earthy  ingredients.. 

735.  The  representative  number  of  iron  has  beat 
considered  as  S8.  The  Protoxide  consists  of  one  atom 
of  metal  and  one  atom  of  oxygen,  its  equivalent  num* 
her  will  therefore  be  (284-8>=36.  The  Peroxide^  of 
one  atom  of  metal  and  one  and  a  half  of  oxygto 
(284-8+4)=:40  5  so  that  the  oxygen  of  the  latter  is 
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not  a  multiplication  of  that  of  the  former  oxide  by  an 
entire,  but  by  a  fractional  number.  This,  and  similar 
anomalies,  is  best  reconciled  by  multiplying  by  2  the 
number  expressing  these  proportions,  which  will  make 
the  ratio  as  2  to  3,  instead  of  as  1  to  1 1« 

736.  Carburet  of  Iron.  Iron  combines  with  car- 
.bon  in  yarious  proportions ;  the  most  important  of  these 
combinations  is  Steely  and  it  is  observed  by  Dr.  Henry 
that  there  can  scarcely  be  a  more  striking  example  of 
essential  differences  in  external  and  physical  charac- 
ters being  produced  by  slight  differences  of  chemical 
composition,  than  in  the  present  instance;  for  steel 
owes  its  properties  to  not  more  than  from  ^  to  xTv^h 
its  weight  of  carbon.  This  compound  combines  the 
fusibility  of  cast  with  the  malleability  of  bar  iron,  and 
when  heated  and  suddenly  cooled  it  becomes  very  hard, 
whence  its  superiority  for  the  manufacture  of  cutting 
instruments.  Steel  may  at  once  be  distinguished  from 
iron  by  the  action  of  nitric  acid  ;  for  if  a  drop  of  this 
fluid  be  placed  in  contact  with  the  former  a  black  stain 
is  occasioned,  in  consequence  of  the  precipitation  of 
carbon.  Plumbago,  or  black  lead,  used  in  manufac- 
ituring  pencils,  and  in  forming  crucibles,  is  a  carburet 
of  iron,  in  which,  however  the  metal  bears  a  very  small 
proportion  to  that  of  the  carbon. 
*  737.  Sulphuret  of  Iron,  Iron  unites  with  sulphur 
lit  two  definite  proportions,  the  products  of  which  are 
the  Sulphuret,  or  Proto^sulphuret,  consisting  of  one 
atom  of  metal  and  one  of  sulphur  (28 -{-16)=:  44,  and 
the  Bi'Sulphuret,  consisting  of  one  atom  of  metal  and 
two  of  sulphur  (28-j- 16-|- 16)  =  60.  If  we  obtain  by 
art"  any  sulphuret,  in  which  the  proportion  of  sulphur 
dtes  not  agree  with  these  views,  the  variety  is  occa- 
sioned by  the  mechanical  admixture  of  metallic  iron. 
By  artj  however,  the  protO'Sulphuret,  or  black  sul- 
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pbui^t,  is  onl^  to  be  obtained.  Iron  and  sulpbur  com* 
bine  with  coi|8i4erable  energy.  A  mixture  of  one  part 
pf  i|P9  fi}ing%  and  thfee  parts  of  f^ulpbur  accurat^y 
m^ed  and  melted  in  a  glass  tube,  will^  at  the  moment 
of  union,  exhibit  a  brilliant  combustioo ;  and  a  paste 
of  juron  filiogS)  sulphur,  and  water  wil)  bursty  after  some 
time^  onto  flame.  If  a  roll  of  sulphMr  be  rubbed  on  a 
bar  of  iron,  while  of  a  glow  heat,  the  compound  of  sul- 
phijir  and  iroo  falls  down  in  drops,  and  the  bar  will  b^ 
rapidly  corroded*  This  affords  the  best  method  of . pro- 
curing a  «ulphuret  for  the  production  of  sulphuretted 
^ydro^en  X63S)*  The  ProtQ-sulphuret  is  readily 
soluble  in  dilute  acids,  and.  gives  during  solution  an 
ab\inda|icje  of  this  |;as*  The  Bi*splphur€tp  or  ffellom 
Sulphurety  is  exclusively  a  natural  product,  very  abun- 
dant, and  called  Iron  Pyrites,.  It  is  nearly  insoluble 
in  diluted  sulphuric  and  muriatic  acids^  and  giv^  no 
sulphuretted  hycbogen  gas  with  acids. 

tSS.  The  principal  use  of  pyrites,  is  in  the  fonna- 
tion  of  green  vitriol  (sulphate  of  iron^  for  which  pur- 
pose the  ore  is  gentjy  roasted  and  exposed  to  air  and 
moisture*  Some  varieties  are  spontaneou^y  decom- 
posed, and  furnish  this  salt  3  the  process  is  termed 
Sulphatization.  Animal  matter  would  appear  to  exert 
an  agency  the  reverse  of  this;  for  if  a  solution  of  sul- 
phate of  iron  be  kept  iri  contact  with  it,  it  is  conv^ted 
into  a  sulphuret;  this  fact  apparently  explains  the  con- 
version of  animal  substances  into  pyrites,  a  phaenome- 
noii  with  which  every  fbssilist  is  well  acquainted. 
Vegetables  wotild  also  seem  to  possess  the  power  .of 
deoxidizing  some  of  the  compounds  of  iron,  and  of 
thus  rendering  them  soluble  in  their  juices.  In  short 
these  bodies  appear  to  possess  the  dtaposition  of  pass- 
ing readily  and  rapidly  through  a  series  of  changes 
and  combinations  i  a  property  .which  has  perhaps  been 
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b^estowed  ixp6tk  them  Hi  ovd6r  ittov^  «fflbctually  to  en- 
flare  the  general  dtslt^bution  of  an  element  to  eesemiid 
to  an^al  and  vegetable  existence^  and  eo  aefive  ih 
producmg  tiumy  ittiportant  ehanges  $n  tlie  •  minend 
oeconomy  of  the  globe. 

Tin. 

739.  This  metal  has  been  known  from  very  remote 
antiquity.  It  has  never  been  found  native ;  but  in  the 
form  of  oxide^  it  occurs  abundantly  in  Cornwall^  froiil 
which  Che  metal  is  obtained  by  heating  it  to  redness 
with  charcoal.  There  are  two  oxides  of  Tin,  and  two 
sulphurets  of  this  metal,  but  they  do  not  possess  any 
interest  to  the  medical  student. 

BfSltfUfflF. 

740.  This  thetal  is  found  native;-  and  in  combiti'af- 
tion  with  oxygen,  Arsenic,  and  stilphtir.  To  obtain  it 
pilre,  the  Bismuth  6f  commerce  may  be  dissolved  Hi 
nitric  acid,  and  the  solution  thus  obtained  be  decont- 
posed  by  water ;  the  residting;  Oxide  should  then  be 
edulcorated,  and  reduced  to  a  metallic  state,  by  heat- 
ing in  a  covered  crucible  with  black  flux. 

741.  Btfemuth  is  a  brittle  white  metal,  with  a  slight 
tint  of  ^d ;  atid  is  composed  of  broad  brilliant  plat^ 
axfhering  to  each  other.  Its  specific  gravity  is  9*899. 
It  is  one  of  the  most  fusible  metds,  melting  at  476^; 
and  it  forms  more  readily  thah  niost  other  metals,  dis- 
tmet  crystals  by  slow  cooling.  It  is  capable  of  being  al- 
loyed with  most  of  the  metals,  and  of  forming  with  some 
of  them  compounds  of  remarkable  fusibility ;  8  parts 
of  bidmuth,  6  of  lead,  and  3  of  tin  constitute  theylrif- 
ble  metal  of  Sir  Isaac  Newton,  and  will  melt  in  water 
before  it  reaches  the  boiling  point.  This  property  ren- 
ders the  alloy  useful  to  the  anatomist  for  taking  casts, 
and  for  some  other  purposes. 
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749.  We  are  acquainted  with  only  one  oxide  o^' 
Bismuth,  which  is  fonned  during  the  combustion  <^ 
the  metal.  From  its  analysis  we  obtain  71  as  the  equi- 
valent number  of  Bismuth,  and  consequently  79  for 
that  of  the  oxide. 

COPFEB. 

743.  Most  of  the  Copper  of  commerce  is  obtained 
from  Copper  pyrites^  or  yellow  copper  ore^  as  it  is 
called ;  which  is  a  compound  of  sulphur,  iron,  and 
copper,  in  such  proportions  as  to  render  it  probable 
that  it  is  composed  of  two  atoms  of  proto-sulphuret  of 
iron,  and  one  atom  of  per-sulphuret  of  copper,  with 
portions  of  arsenic  and  earthy  matter.  The  sulphur 
and  arsenic  arc  separated  by  roasting ;  and  the  copper 
is  obtained  by  repeated  fusions,  in  some  of  which  an 
addition  of  charcoal  is  made.  Berzelius  states  that  the 
copper  of  commerce  is  always  contaminated  with  a 
little  charcoal  and  sulphur,  together  with  lead,  anti- 
mony, and  arsenic ;  from  some  experiments,  however, 
which  I  made  very  carefully  some  years  ago,  I  am  in- 
clined to  believe  that  charcoal  is  never  present.  I^ 
for  chemical  purposes,  we  require  perfectly  pure  coj^r, 
it  may  be  dissolved  in  strong  muriatic  acid ;  and,  after 
adding  water,  may  be  precipitated  from  the  solution 
by  a  polished  plate  of  iron.  The  metal  thus  obtained 
should  be  washed,  first  with  diluted  muriatic  acid, 
and  then  with  water,  and  may  be  either  fused,  or  kitpt 
in  a  divided  form. 

744.  Copper  has  a  fine  red  colour,  and  much  bril- 
liancy; it  is  very  malleable*  and  ductile,  and  evolves 
a  peculiar  smell  when  warmed  or  rubbed.     It  melts  at 

*  The  Dutch  L«af»  sold  for  gildiagy  is  copper  bcaton  into  thin 
leaves. 
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a  cherry  red,  or  dull  white  hetit.  Its  Specific  gravity 
is  8*8.  It  does  not  decompose  water,  which  may  even 
be  transmitted,  in  vapour,  through  a  red  hot  tube  of 
this  metal,  without  decomposition. 

745.  It  i&  susceptible  of  only  two  degrees  of  oxi- 
dation, producing  th^  red,  or  protoxide  of  copper; 
and  the  black,  or  peroxide* 

.  746.  The  Black,  or  Peroxide,  may  be  formed  by 
calcining  the  scales  which  break  off  from  copper  by 
hammering  the  metal  after  exposure  to  heat ;  or  by  ig- 
niting the, salt  termed  nitrate  of  copper.  It  is  a  useful 
agent  in  the  ultimate  analysis  of  vegetable  matter,  as 
will  be  hereafter  explained. 

747.  The  Red^  or  Protoxide^  may  be  produced  by 
dissolving  a  mixture  of  metallic  copper,  and  peroxide 
of  copper,  in  muriatic  acid,  and  then  adding  Potass  to 
the  solution;  a  hydrated  protoxide  of  an  orange  colpur 
falls  down,  which,  if  quickly  dried  out  of  the  contact 
of  air,  becomes  of  a  red  brown. 

748.  The  number  64  has.  been  deduced  frptti  the 
analysis  of  the  Protoxide  of  copper,  as  the  representa- 
tive of  the  metal;  and  since  the  Protoxide  consists  of 
an  atom  of  copper  and  an  atom  of  oxygen,  its  equiva- 
lent wUl  be  (64  +  8)  =72;  and  that  of  the  Peroiide^ 
which  is  composed  of  one  atom  of  metal  and  twp  of 
oxygen  (64  +  8  +  8)  =  80. 

749.  The  oxides  of  copper  combine  with  ammonia, 
and  form  compounds  termed  Ammoni^reis  of  Copper. 
Peroxide  of  copper  digested  in  ammonia,  fonbs'  a 
bright  blue  liquid,  from  which  by  car<eful  evaporation, 
the  Ammoniuret  may  be  separated  in  the  form  pf  fiiie 
bluecVystals.  Protoxide  of  copper  is  also  soluble  in 
ammonia,  but  it  yields  a  colourless  solution,  which, 
however,  becomes  blue  by  exposure  to  the  m,  in  con- 
sequence of  farther  oxidation. 
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Exp.  d4«-^Iiito  a  half  ottnoe  stoppered  (lliud,  filled 
wiA  a-solHtion  of  ammonia,  dfop  a  few  pieces  of 
meteUic  copf>er ;  if  the  bottle  be  left  unstopped, 
we  shall  soon  obtain  a  beautifol  blue  liq^aid ;  if^ 
howefer,  the  stopper  be  replaced,  diis  colour,*  in 
a  short  time  will  disappear;  and  reappear  on 
again  admitting  the  air.  fal  this  mafttt^  we  can 
ditematel  j  produce  a  bkie,  and  colourless  Uquid, 
as  oAeft  as  we  withdraw  and  replace  the  stopper. 
The  theory  of  this  change  is  obvious ;  the  Per- 
oxide, when  excluded  irom  the  air,  is  converted 
into  a  protoxide  by  the  action  of  the  metallic 
copper,  which  again  becomes  the  peroxide  by  the 
action  of  the  atmosphere. 

Lead. 

750.  This  nelal  is  chiefly  obtained  fr6m  the  native 
Bulphuret.  It  has  a  bluisb-idiite  ^<4our,  and  when 
recently  cut  or  mdtedj  exhibits  considerable  lustre, 
wkich^  however,  soon  tarnishes  ;  its  specific  gravity  is 
11*35;  it  melts  at  699^;  when  exposed  to  a  red  heat, 
with  ftee  access  of  air,  it  smokes  and  sublimes,  and 
affi>rds  a  grey  oxide,  which  collects  on  surrounding 
cold  bodies.  It  is  also  slowly  oxidized  by  expomre 
to  the  atmosphere  at  common  tanperatures ;  and  more 
rapidly,  when  exposed  alternately  to  the  action  of  air 
end  water. 

751.  There  are  three  oxides  of  lead*,  viz.  1.  The 
Ydlow  Prdoxidey  obtained  by  heating  the  nitrale  to 
redness  in  a  close  vessel.  It  is  tasteless,  insoluble  in 
water,  but  soluble  in  potass  and  in  acids,  ibrmin^  with 
the  latter  a  class  of  salts  to  be  hereafter  described.  In 
commerce  this  oxide  is  known  by  the  name  of  Masst' 
cat.  When  heated  it  undergoes  a  species  of  semi-vitri- 
iication,  and  assumes  the  appearance  of  yellow  scales 
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tailed  Litharge^  which  is,  to  a  considerable  degree, 
Volatile  at  a  red  heat.  S.  The  Deutoxide  of  Leady 
may  be  obtained  by  exposing  the  protoxide  to  heat. 
It  has  a  brilliant  red  colour,  and  is  known  in  commerce 
by  the  name  of  Minium  or  Red  Lead,  This  article, 
however,  as  it  occnrs  in  the  market,  contains  much 
foreign  matter,  such  as  sulphate  of  lead,  muriate  of 
lead  with  excess  of  base,  oxide  of  copper,  silex,  and  a 
portion  of  the  protoxide;  The  Peroxide  is  obtained 
by  exposing  the  red  oxide  to  the  action  of  nitric  acid, 
by  which  it  is  resolved  into  protoxide  which  is  imme« 
diately  dissolved,  and  into  peroxide,  which  appears  as 
an  insoluble  brown  substance. 

75S.  Accurate  analyses  have  been  made  of  these 
three  oxides,  from  which  it  would  appear  that  the 
quantity  of  oxygen  which  they  relatively  contain  is  in 
the  ratio  of  1,  *1  j,  and  3.  The  equivalent  number  of 
the  metal  is  fixed  at  104 ;  and  consequently  that  of 
the  Protoxide  will  be  (104  -(-  8)  =  112;  that  the  Deu* 
<OJ?frfc  (104+8+4)  =  116;  and  that  of  the  Peroxide 
(104  +  8  +  8)  =  120. 

753.  Pure  water  has  no  action  on  Lead,  provided 
the  air  be  excluded,  but  the  combined  influence  of 
these  agents  converts  the  lead  into  a  carbonate ;  a  &ct 
which  is  at  once  exemplified  by  the  white  line  which  is 
so  constantly  visible  at  the  surface  of  the  water  stand- 
ing  in  leaden  cisterns.  There  is,  however,  a  great  dif«) 
ference  in  the  corrosive  power  of  diiffirent  waters  in 
relation  to  lead,  depending  upon  the  presence  of 
various  saline  impurities.* 

754.  If  Suiphuretied  Hydrogen,  or  Hydro«suIphu«' 
ret  of  ammonia,  be  added  to  water  containing  lead  in 

*  This  subject »  very  folly  considered  in  my  work  on  Medical 
Jurisprudence,  vol.  ii.  p.  338. 

2d 
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solution,  we  shall  immediately  obtain  an  Hjfdro*$ul* 
phureited  oxide  of  Leady  which  is  of  a  deep  brown 
colour ;  whence  these  compounds  furnish  very  delicate 
tests  of  the  presenoe  of  this  metal. 

755.  Lead  in  its  metallic  state  appears  to  be  inert, 
but  by  combination  it  furnishes  a  series  of  active 
remedies,  and  virulent  poisons,  the  history  of  which 
will  fall  under  the  head  of  metallic  salts. 

Metals  of  the  Fifth  Class. 
Mercury,  or  Quicksilver. 

T56.  This  is  the  only  metal,  with  which  we  are  ac- 
quainted, that  retains  a  fluid  form  at  the  ordinary  tem- 
perature of  the  atmosphere.  Its  colour  is  a  brilliant 
white  resembling  that  of  silver,  hence  the  names,  Quick" 
silver^  Argentum  vroumy  Hj/drargyrum.^  Its  specific 
gravity  is  13*5.  At  about  99*  or  40*,  below  zero  of 
Fahrenheit,  it  becomes 'solid;  at  660^  it  boils,  and  is 
converted  into  vapour,  hence  it  may  be  driven  over  by 
distillation.  At  ordinary  temperatures,  however,  it  is 
also  volatilized  (S9S);  a  fact,  for  the  knowledge  of 
which  we  are  indebted  to  Mr.  Faraday,  and  which 
serves  to  explain  several  phenomena,  which  were  pre- 
viously unintelligible  {Medical  Jurisprudence^  vol.  8. 
p.  466.) 

757.  Oxides  of  Mercury.  There  are  two  definite 
Compounds  arising  from  the  union  of  Mercury  and  oxy« 
gen.  The  Blacky  or  Protoxide^  is  obtained  by  long 
agitation  of  the  metal  in  contact  with  the  atmosphere, 
or  by  washing  the  substance  termed  Calomel  with  hot 
lime-water.    By'neither  of  these  processes,  however,  is 

»  t  ■  .  I  .11.  ..--.  —  ■  —-■■■.  I  I  I  !■»■■  ■  I        I 

*  B^4tmrg^rmmi  from  its  fluMKty  afid  coftovr.  QaMt  is  aa  eli 
9axan  word  mgiufjing  Uving^  an  epitliel  appKed  to  liiis  nwtal  oa 
account  of  its  mobility. 
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the  Protoxide  obtained  in  a  state  of  absolute  purity. 
In  the  former  case^  the  product  will  be  mixed  with 
metallic  mercury,  in  the  latter,  with  a  small  portion  of 
the  peroxide^  From  the  manner  in  which  this  oxide 
was  usually  prepared,  Boerhaave  gave  it  the  name  of 
Ethiops  per  se.  It  constitutes  the  Hydrargtfri  Oxt/^ 
dum  Cinereum  of  the  Pharmacopoeia,  and  enters  as  an 
ingredient  into  several  Officinal  Preparations.  It  is  an 
insipid  powder,  perfectly  insoluble  in  water.  The  Sed^ 
or  Peroxide  is  obtained  by  exposing  the  fluid  metal, 
for  several  days,  to  nearly  its  boiling  temperature,  in  a 
dat  glass  vessel  with  a  very  long  neck,*  by  which  eon** 
Uivance  the  free  access  of  air  is  admitted,  while  the 
length  of  the  tube  prevents  the  escape  and  waste  of 
mercurial  vapour,  which  condenses  and  falls  back  into 
the  body  of  the  vessel.  This  oxide  appears  in  the  form 
of  brownish  red  or  flea-coloured  scales  and  crystals. 
It  was  formerly  called  PrmcipiUUe  per  se.  It  has  an 
acrid  metallic  taste,  and  is  poisonous  ;  it  dissolves  very 
sparingly  in  vrater.  When  distilled  alone  in  a  glass 
retort,  it  yields  oxygen  gas,  and  leCums  to  a  metallic 
state.  . 

758.  According  to  Fotvcroy,  Thenard,  and  Dr. 
WoUaslon,  the  Protoxide  consists  of  100  metalH|-4  of 
oxygen;  and  the  Peroxide  of  100  metal-f-8  of  oxygen* 
This  virill  make  the  atom  of  Mercury  to  weigh  SOO; 
and  the  equivalent  of  the  Protoxide  will  therefore  be 
(S00-f8)=iS08,  and  that  of  the  Peroxide  (9004-16) 
=216. 

759.  Mercury  combines  with  Chlorine ;  but  as  the 
history  of  the  resulting  chlorides  is  materially  involved 
in  that  of  muriatic  salts,  it  will  be  advantageous  to  coiM 
aider  the  former,  in  connection  vrith  the  latter. 

*  This  apparatus  was  invented  by  Boyle,  and  is  known  by  the 
aame  of  Boyle's  Hell. 

2  D  S 
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760.  Sulphurets  of  Mercury.  By  combination 
Ifith  sulphur,  Mercury  affords  two  diBtinct  compouads. 
The  ProtO'Sulphuret  which  is  formed  by  triturating 
the  metal  with  8u)phur,  or  by  pouring  the  former  into 
the  latter  when  in  a  state  of  fusion.  It  is  a  black  taste- 
less substance  which  was  formerly  called  Eihiops 
Mineraly  and  is  the  Hydrargyri  Sulphuretum  Ni- 
grum  of  the  present  Pharmacopoeia.  The  Busulphuret 
of  Mercury^  or  Cinnabar  is  obtained  by  heating  the 
proto-sulphuret  red  hot  in  a  flask,  by  which  a  portion 
of  mercury  \%  evaporated,  and  a  sublimate  of  a  steel 
grey  colour  is  obtained,  which,  when  reduced  to  a  fine 
powder,  assumes  a  brilliant  red  colour,  and  is  called 
VermUUon  or  Cinnabar^  and  constitutes  the  Hydrar-^ 
gyri  Sulphuretum  Rubrum  of  the  Pharmacopaeia.  It 
is  inodorous  and  insipid ;  unalterable  by  exposure  to 
air  or  moisture.  When  heated  to  redness  in  an  open 
vessel,  the  sulphur  is  converted  into  sulphurous  acid, 
and  the  mercury  escapes  in  vapour.  We  perceive 
therefore  that  when  used  in  fumigations,  the  effects 
produced  are  to  be  attributed  to  the  volatilization  of 
metallic  mercury. 

76  L  The  composition  of  these  Sulphurets  has  been 
investigated  by  Gkiibourt,  from  whose  experiments  it 
would  app^  that  the  blacky  or  proio^sulphuret  con- 
sists of  one  atom  of  metal  and  one  of  mercury,  2OO4-I6 
=S16;  and  the  red  or  busulphuret^  of  one,  and  two, 
200-fl6+16=23g. 

SiLVEB. 

763.  To  obtain  this  metal  in  a  state  of  purity,  we 
must  dissolve  the  standard  silver  of  commerce  in  pure 
nitric  acid,  diluted  with  an, equal  measure  of  water ; 
and  immerse  a  plate  of  clean  copper  into  the  solution; 
a  precipitate  of  metallic  silver  will  take  place,  which  is 
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to  be  collected  on  a  filter,  boiled  with  a  solution  of 
ammonia,  and  then  washed  with  water,  and  fused  into 
a  button.  Or  it  may  be  procured  by  adding  to  the 
above  solution,  a  solution  of  common  salt;  the  preci- 
pitate which  occurs  is  to  be  collected,  washed,  and 
dried,  and  then  fused  with  its  weight  of  sub-carbonate 
of  potass. 

763.  Silver  has  a  pure  white  colour,  and  a  degree 
of  lustre  inferior  only  to  that  of  polished  steel ;  its 
specific  gravity,  after  being  hammered,  is  10*51.  It  is 
BO  malleable  and  ductile,  that  it  may  be  extended  into 
leaves  not  exceeding  the  ten  thousandth  part  of  an 
inch  in '  thickness,  and  drawn  into  wire  considerably 
finer  than  a  human  hair«  It  melts  at  a  bright  red  heat, 
'  and  by  slow  cooling  of  the  fused  mass  it  may  be  made 

to  assume  a  regular  crystaHine  form ;  by  a  still  higher 
temperature  it  may  be  volatilized.  Ijt  is  difficulty  oxi- 
dized by  the  concurrence  of  heat  and  air.  The  tarnish" 
ing  of  silver  is  owing  to  its  union  with  sulphur. 

764.  From  some  late  experiments  by  Mr.  Faraday 
there  appear  to  be  two  distinct  oxides  of  this  metal ; 
the  first  of  which  forms  spontaneously  as  a  pellicle  on 
an  ammoniacal  solution  of  oxide  of  silver,  exposed  to 
the  air;  this  protoxide,  according  to  Dr.  Thomson, 
consist  of  3  atoms  of  silver  and  2  atoms  of  oxygen.  It 
is  not  capable  of  combining  with  the  acids. 

765.  The  PerQapide  of  Silver  is  obtained  by  de- 
composing the  nitrate  (lunar  caustic)  with  a  solution 
of  lime,  or  baryta,  and  washing  the  precipitate.  It  is 
of  a  dark-<dive  colour;  tasteless,  insoluble  in  water, 
and  when  gently  heated  is  reduced  to  a  metallic  state. 
It  is  composed  of  one  atom  of  metal  and  one  of  oxyr 
gen;  and  as  the  representative  number  of  silver  has 
been  fixed  at  110,  iu  equivalent  will  be  (110-|-8) 
;=118. 
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766.  This  oxide  readily  dissolves  in  ftmmonia,  and 
a  fulminating  compound  is  obtained.  If  we  pour  a 
small  quantity  of  the  solution  of  ammonia  on  the  oxide, 
a  portion  is  dissolved,  and  a  black  powder  remains, 
which  is  the  detonating  compound.  When  gently 
heated  it  explodes,  and  nitrogen  and  water  are  instan- 
taneously evolved,  and  the  silver  is  reduced. 

767.  Silver  combines  with  Chlorine,  producing  a 
Chloride^  which  will  be  considered  under  the  histoiy 
of  the  muriate. 

768.  Silver  in  its  metallic  state  furnishes  the  ana^ 
lytical  chemist  with  a  convenient  material  for  the 
fabrication  of  crucibles,  intended  for  the  fusion  <^ 
bodies  with  alkalies;  for  which  purpose  Platinum 
vessels  cannot  be  employed.  The  utmost  degree  of 
heat,  however,  which  they  can  bear  is  a  moderate  red- 
ness. They  ought  therefore  to  be  heated  in  a  sand 
bath. 

Gold. 

769.  As  Gold  is  not  important  to  the  medical 
chemist,  we  shall  refer  the  student  who  may  require 
any  knowledge  of  its  history  to  other  works  on 
Chemistry.  . 

Platinum. 

770.  This  is  an  important  metal  to  the  experimental 
chemist,  on  account  of  the  high  temperature  which  it 
iiequires  for  its  fusion,  and  which  exceeds  the  greatest 
heatof  our  furnaces,  and  from  its  perfect  unalterability 
by  most  agents.  It  is,  however,  acted  upon  by  nitre  and 
the  alkalies,  a  property  which  diminishes  its  utility. 
When  a  Platinum  crucible  is  employed  it  should  be 
al^rays  put  in  a  common  one,  to  defend  it  from  the 
direct  action  of  the  coal,  the  slack  of  which  affixes  it* 
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self  to  the  sides  and  bottom  with  so  much  obstinacy, 
that  it  cannot  be  detached  without  risk  of  injury  to  the 
tessel. 

771.  This  metal  is  discoTered  in  small  grains  in  South 
America,  and  which  are  also  found  to  contain  generally 
gold,  iron,  lead,  and  four  other  metals  to  which  the 
names  of  Palladium,  Rhodium,  Iridium,  and  Osmium 
haTe  been  given.  From  these  grains  the  pure  metal  is 
extracted,  by  a  process  which  it  is  unnecessary  to  de* 
tail  in  this  work. 

772.  If  we  precipitate  a  muriate  of  Platinum  by 
ammonia,  and  expose  the  precipitate  to  a  dull-red  heat, 
we  shall  obtain  the  metal  in  a  spongy  form,  and  hav- 
ing the  singular  property  of  igniting  on  contact  with 
hydrogen  gas.  This  fact  has  been  applied  for  the  con- 
struction of  an  instrument  for  the  production  of  instan- 
taneously light ;  the  same  substance  also  affords  to  the 
chemist  an  instrument  of  considerable  value  in  eudio- 
metry,  as  already  explained  (504). 

77S.  The  history  of  metals  has  been  hastily  dis- 
posed of,  since  they  possess  little  or  no  activity,  as 
remedies,  unless  in  combination.  This  probably  de- 
pends upon  their  insolubility,  for  when  they  undergo 
a  change  in  the  stomach  by  which  they  become, oxi- 
dized and  then  united  to  an  acid,  they  prove  active. 
This  is  the  case  with  iron,  and  some  others.  *  The 
oxides  would  appear,  in  many  instances  at  least,  to 
possess  a  power  inversely  as  their  degreis  of  oxidation ; 
this  is  certainly  true  with  respect  to  Antimony  and  Iron, 
the  peroxides  of  which  are  comparatively  inert,  ex- 
cept they  be  in  combination  with  acids.  Arsenic  un- 
doubtedly affords  an  exception,  but  in  this  case  the 
oxides  are  soluble.  The  Peroxide  of  Mercury  is  also 
more  active  than  the  protoxide,  but  it  is  more 
soluble* 
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SALTS. 

774.  The  word  Salt  was  originally  confined  to 
common  salt;  it  was,  however,  afterwards  so  gene- 
ralized as  to  include  every  body  which  is  sapid,  easily 
melted,  soluble  in  water,  and  not  combustible.  In  pro* 
cess  of  time  this  term  was  restricted  to  three  classes  of 
bodies,  viz.  acids^  alkalies^  and  the  compounds  which 
acids  form  with  alkalies,  earths,  and  metallic  oxides. 
The  first  two  of  these  classes  were  called  simple  salts; 
the  salts  belonging  to  the  third  class  were  called  com^ 
pound  or  neutral.  Chemists  have  lately  still  fiuther 
restricted  the  term,  by  tacitly  excluding  acids  and  al- 
kalies from  the  class  of  salts  altogether.  At  present 
then  it  denotes  a  compound  in  definite  proportions  of 
acid  matter,  called  by  Lavoisier  the  salifying  prin^ 
ciplcy  with  an  alkali,  earth,  or  metallic  oxide,  termed 
the  salifiable  base.  When  the  proportions  of  the  con- 
stituents are  so  adjusted,  that  the  resulting  substance 
does  not  afiect  the  colour  of  infusion  of  Litmus,  or  that 
of  red  cabbage,  it  is  then  called  a  Neutral  salt;  when, 
however,  the  predominance  of  acid  is  evinced  by  the 
reddening  of  these  infusions,  the  salt  is  said  to  be  aci- 
dulous ;  if,  on  the  contrary,  the  acid  matter  appears  to 
be  in  defect,  pr  short  of  the  quantity  necessary  for 
neutralizing  the  base,  the  salt  is  then  said  to  be  with 
excess  of  base.  The  composite  nomenclature  employed 
to  denote  the  constitution  of  these  bodies  has  been  al^ 
ready  explained  (424). 

775.  The  statement  which  has  been  just  offered, 
respecting  the  constitution  of  neutro-saline  bodies,  al- 
jthough  in  many  cases  chemically  correct,  receives  from 
the  experiments  of  Sir  H.  Davy  and  Gay'-Lussac  some 
important  modifications.  Many  saline  bodies  have  been 
shewn  by   these  illustrious  pliilosophers   to   contaiq 
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neither  acids  nor  alkalies,  but  to  be  compounds  of 
their  bases;  common  salt,  for  instance,  which  was 
long  regarded  as  a  muriate  of  soda^  is  proved  to  be  a 
Chloride  of  Sodium ;  the  same  difficulty  applies  to  the 
JPrussiateSy  and  yet  these  bodies  haye  all  the  charac- 
ters which  were  formerly  regarded  as  peculiar  to 
neutral  salts. 

776.  The  solubility  of  salts  in  water,  is  their  most 
important  general  habitude.  In  this  menstruum  they 
are  generally  crystallized ;  and  by  its  agency  they  are 
purified  and  separated  from  one  another,  in  the  in- 
verse order  of  their  solubility.  As  a  medicinal  pro- 
cess also,  the  solution  of  the  salts  deserves  peculiar 
attention,  on  account  of  its  connection  with  the  effi- 
cacy of  these  bodies. 

777.  Salts  have  been  divided  into  three  classes,  de- 
prived from  the  nature  of  their  bases,  viz.  Alkaline^ 
Earthy y  and  Metallic  salts.  These  might  now  be  all 
comprehended  in  the  same  division,  since  the  Alkalies, 
with  the  exception  of  Ammonia,  and  the  Elarths  have 
been  shewn  to  be  metallic  oxides ;  in  the  present  work, 
however,  it  will  be  convenient  to  retain  the  original 
classification.  The  genera  have  been  determined  by  the 
acids  which  they  contain,  and  the  species  by  those  of 
the  base.  As,  however,  the  base  generally  imparts  a 
very  important  medicinal  character  to  the  salt,  I  shall 
prefer  a  classification  founded  upon  this  principle; 
instead,  therefore,  of  arranging  together  all  the  muri' 
fitesy  sulphateSy  nitrates^  &c.  &c.  I  shall  bring  toge- 
ther those  salts  which  have  the  same  base,  as  salts  of 
soda,  salts  of  potass,  ammoniacal  salts,  calcareous  salts, 
arsenical  salts,  &c.  &c*  It  will,  however,  be  first  ne- 
cessary to  enumerate  the  general  characters  which 
alkaline  and  earthy  salts  derive  from  their  {leculiar 
^ids. 
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778.  1.  Carbonates.  When  Bulphuric  acid  is  poured 
upon  them,  they  effisrvesce  violently,  emitting  carbonic 
acid.  If  heated  strongly,  the  carbonic  acid  is  driTen 
oil^  and  the  base  remains.  Some  of  the  species  require 
a  very  violent  heat  to  be  thus  decomposed,  but  the 
operation  is  facilitated  by  mixing  them  with  charcoal, 
which  decomposes  the  carbonic  acid  altogether.  The 
alkaline  carbonates  tinge  v^table  blues  green,  and 
have  an  alkaline  taste;  those  of  the  earths  are  insolu- 
ble, but  dissolve  when  an  excess  of  acid  is  added. 
•  779.  2.  Muriates.  They  effervesce  with  sulphuric 
acid,  and  evolve  white  acrid  fumes  of  muriatic  acid. 
They  undergo  no  change  when  heated  with  combusti* 
bles.  They  melt  and  are  volatilized  at  a  high  temper- 
ature. When  mixed  with  nitric  acid,  they  exhale  the 
odour  of  chlorine.  They  are  soluble  in  water,  and 
raise  the  boiling  point  of  that  fluid.  With  the  excep- 
tion of  Muriate  of  Ammonia,  none  of  these  bodies  can 
be  said  to  exist  in  a  dry  state ;  by  heat  the  oxygen  of 
the  base,  and  the  hydrogen  of  the  acid,  pass  ofi*,  and 
true  metallic  Chlorides  remain. 

780.  S.  Sulphates  are  insoluble  in  alcohol,  which 
latter  body  precipitates  them  from  water  in  a  crystal- 
line form.  When  heated  to  redness  with  charcoal, 
they  are  converted  into  Sulphurets.  When  barytic 
water,  or  a  solution  of  any  salt  containing  that  earth, 
is  dropt  into  an  aqueous  solution  of  any  sulphate,  a 
copious  white  precipitate  falls,  which  is  insoluble  in 
acetic  acid.  Many  of  the  sulphates  combine  with  an 
excess  of  acid,  and  form  acidulous,  or  super-salts. 

781.  4.  Sulphites  possess  a  disagreeable  taste  and 
smell,  analogous  to  that  of  burning  sulphur*  Exposed 
to  moist  air,  they  absorb  oxygen,  'and  pass  into  the 
state  of  £ulpha/£f5.  They  are  decomposed  by  sulphuric 
acid,  which  expels  sulphurous  acid,  and  the  salts  are 
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conrerted  into  sulphates.    When  perfectly  pure  they 
are  not  aifected  by  the  solution  of  baryta. 

783.  5.  Nitrates  are  soluble  in  water,  and  capable 
of  crystallizing  by  cooling.  Sulphuric  acid  disengages 
from  them  white  fumes,  which  have  the  odour  of  nitric 
acid.  When  heated  along  with  muriatic  acid^  chlorine 
is  exhaled.  They  are  decomposed  by  heat,  and  yield 
at  first  oxygen  gas ;  and  when  mixed  with  combustible 
matter  produce,  at  a  red  heat,  inflammation  and  deto- 
nation. 

783.  6.  Chloratesj  formerly  termed  Oxy-muriateSj 
or  Jfyper^Ox^'tnuriateSy  are  soluble  in  water,  and. 
some  of  them  in  alcohol ;  when  raised  to  a  low  heat, 
they  give  out  a  great  quantity  of  oxygen  gas,  and  are 
converted  into  common  muriates  or  chlorides.  When 
mixed  with  combustibles,  they  detonate  with  much 
greater  violence  than  the  nitrates ;  this  detonation  is 
also  produced  by  friction  and  percussion ;  and  some- 
times takes  place  spontaneously.  By  the  action  of  sul- 
phuric, nitric,  or  muriatic  acid,  they  evolve  yellow  ot 
green  fumes. 

784.  Phosphates,  When  heated  along  with  com- 
bustibles, they  are  not  decomposed,  nor  is  phosphorus 
obtained.  Before  the  blow-pipe  they  are  converted 
into  a  globule  of  glass,  which  in  some  cases  is  trans- 
parent, in  others,  opaque.  They  are  soluble  in  nitric 
acid  without  eflervescence,  and  are  precipitated  from 
that  solution  by  lime  water.  By  siilphuric  acid  they 
are  partially  decomposed ;  and  their  acid,  which  is 
thus  separated,  when  mixed  with  charcoal  and  heated 
to  redness,  yields  phosphorus  (645).  After  being 
strongly  heated,  they  often  phosphoresce.  Like  the 
Sulphates^  they  readily  combine  with  an  excess  of  acid, 
and  form  acidulous  salts. 

785.  PrussiateSy  or  Hydro^cj/anates.    These  salts 
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are  all  alkaline,  even  when  a  great  excess  of  acid  is 
employed  in  their  formation ;  and  they  are  decomposed 
by  the  weakest  acids ;  they  have,  however,  no  perma- 
nency, unless  they  be  united  with  some  metallic  oxide^ 
and  exist  in  the  state  of  triple  salts ;  mere  exposure 
to  the  air  is  sufficient  to  decompose  them.  They  have 
no  useful  properties. 

The  salts  formed  by  the  acetic,  benzoic,  citric,  malic, 
tartaric,  and  other  vegetable  and  animal  acids,  will  be 
considered  under  the  history  of  organic  Chemistiy. 

1.  Salts  with  a  base  of  Potass. 

786.  These  salts  are  soluble  in  water,  and  afford  no 
precipitates  with  pure  or  carbonated  alkalies.  They 
produce  a  precipitate  in  muriate  of  platinum,  which  is 
a  triple  compound  of  potass,  oxide  of  platinum,  and 
muriatic  acid.  They  are  not  changed  by  sulphuretted 
hydrogen,  nor  by  ferro-prussiate  of  potass.  Added  to 
sulphate  of  alumina,  they  enable  it  to  crystallize,  so  as 
to  form  Alum* 

787.  Carbonate  of  Potass,  or  Sub^carbonate  of 
Potass.  This  salt  is  known  in  commerce  in  different 
states  of  purity,  under  the  names  of  wood*ashy  potash^ 
and  pearl-ask.  It  is  obtained  in  an  impure  state  by 
the  incineration  of  vegetables,  and  hence  Potass  has 
been  termed  the  Vegetable  alkali.^  This  salt  is  im- 
ported from  Russia,  America,  Treves,  Dantzic,  and 

f  On  the  other  b^nd,  Soda  has  been  termed  the  mineral  alkali ^ 
as  being  the  base  of  rock  «alt.  These  distinctions,  however,  origi- 
nally established  by  Avi^enna,  are  not  founded  in  troth.  Potass, 
so  far  from  being  the  exclusive  product  of  v^etation,  exists  as  a 
constituent  part  of  GranUcy  which  forms  the  foundation  of  our 
globe.  It  has  also  been  discovered  in  various  minerals.  And 
although  Potass  be  procured  from  vegetables,  so  is  Soda^  and 
vegetables  probably  derive  the  former  from  the  soil  in  which  they 
vegetate. 
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VosgeS)  and  as  it  is  a  matter  of  great  consequence  to 
the  merchant  to  ascertain  the  purity  of  the  article,  va- 
rious easy  methods  of  assaying  it  have  been  proposed, 
none,  however,  are  so  cdmple  and  efficacious  as  that 
proposed  by  Dr.  Ure.  He  takes  a  tube  divided  into 
a  hundred  parts,  in  v^hich  marks  are  placed,  with  the 
words  carbonate  of  soda,  carbonate  of  potass,  &c. ; 
when  any  of  the  above  substances  are  to  be  assayed, 
siilphuric  acid  of  the  specific  gravity  1*  146,  is  to  be  in- 
troduced up  to  the  mark,  and  filled  up  to  the  hundi*edth 
part  with  water ;  this  liquid  is  then  to  be  dropped  on 
a  given  weight  of  the  sample,  until  its  saturation  is 
effected ;  when  every  measure  of  acid  used  will  denote 
a  grain  of  the  alkali. 

788.  This  substance  has  been  termed  Salt  of  Tartar j 
since  by  calcining  Tartar  (crystals  of  butartrate 
of  potass)  we  obtain  it  in  a  state  of  considerable 
purity ;  a  process  which  may  be  advantageously  adopt- 
ed, when  we  wish  to  procure  the  salt  for  experimental 
purposes.  In  this  operation  the  tartaric  acid  is  decom- 
posed and  converted  into  the  carbonic.  In  this  man- 
ner the  tartar  will  be  found  to  yield  about  one-third  its 
weight  of  dry  carbonate.  Or  the  tartar  may  be  mixed 
with  about  an  eighth  of  purified  nitre,  and  wrapt  up 
in  paper  in  the  form  of  cones,  which  may  be  placed  on 
an  iron  diah,  and  set  on  fire ;  the  residuary  mass  is  to 
be  lixiviated  and  evaporated  to  dryness.  Or  purified 
nitre  may  be  mixed  with  a  fourth  of  its  weight  of 
powdered  charcoal,  and  projected  into  a  red  hot  cru- 
cible, the  contents  of  which  are  to  be  poured,  when  ia 
fusion,  into  an  iron  dish.  The  carbonatie,  thus  ob- 
tained, amounts  to  rather  less  than  one  half  the  nitre 
which  has  been  employed.  Carbonate  of  potass,  when 
exposed  to  the  air,  attracts  so  much  moisture  as  to 
deliquesce  and  pass  rapidly  into  a  liquid  state,  but  the 
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water  thus  absorbed  may  be  again  expelled  by  a  beat 
of  S80°.  When  submitted  in  a  crucible  to  a  high 
temperature^  it  fuses ;  but  none  of  its  carbonic  acid  is 
expelled.  It  dissolves  very  readily  in  water,  which  at 
the  ordinary  temperature,  takes  up  more  than  its  own 
weight ;  the  resulting  solution  has  the  specific  gravity 
1*54,  and  contains  48*8  per  cent,  by  weight,  of  cai^ 
bonate,  or  eight  atoms  of  water  to  one  of  salt;  and  al* 
though  the  taste  of  this  salt  is  much  milder  than  the 
pure  alkali,  it  still  turns  to  green  the  blue  infusion  of 
vegetables,  on  which  account  it  was  for  a  long  time 
termed  a  SnA-carbonate,  but  as  it  consists  of  one  atom 
of  potass  and  one  of  carbonic  acid,  it  is  now,  in  com* 
pliance  with  the  atomic  nomenclature  (4S4)  called  a 
Caf bonate.  Its  representative  number  vnll  be  (48-f-S8) 
=  70. 

789.  The  Bi»Carbonate  or  Potass,  or,  as  it  was 
formerly  called,  the  Carbonate,  a  term  still  retained 
in  the  Pharmacopoeia,  is  formed  by  passing  a  current 
of  carbonic  acid  into  a  solution  of  the  preceding  salt; 
after  this  treatment,  if  the  solution  be  slowly  evapo* 
rated,  it  forms  regular  crystals  which  will  be  found  to 
be  the  salt  in  question.  Its  taste  is  much  milder  than 
the  carbonate,  although  still  alkaline,  and  ther^re  in 
the  original  sense  of  the  term  a  sub^Bolu  It  is  un« 
changed  by  exposure  to  the  air,  and  requires  for  its 
solution,  four  times  its  weight  of  water  at  60°;  when 
boiling,  that  fluid  dissolves  five-sixths  of  its  weight, 
but  the  salt  is  partly  decomposed  during  the  process, 
as  is  manifest  firom  the  escape  of  carbonic  acid  ga&. 
By  calcination  at  a  low  heat  it  is  converted  into  the 
carbonate.  According  to  Dr.  WoUaston,  the  quantity 
of  carbonic  acid  In  the  bi-carbonate  is  exacdy  cbnbte 
that  in  the  carbonate,  a  fact  which  has  been  akesdy 
proved  by  experiment  38.    The  atomic  composition 
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therefore  of  this  salt  is  one  atom  of  potass  =r  48  and 
two  atoms  of  carbonic  (22  -{-  22)  =r  44,  and  one  atom 
of  water  =:  9,  in  all,  101,  which  last  is  its  represent^^- 
tive  number. 

790*  The  carbonate  and  bi«carbonate  of  potass  are 
both  decomposed  by  lime,  which  depri¥es  them  of  car- 
bonic acid ;  hence,  by  the  use  of  this  earth,  we  may 
procure  caustic  potass,  or  the  hydrated  proUoxidc  of 
Potassium*  The  best,  process  consists  in  boiling,  for 
half  an  hour,  in  a  clean  iron  vessel,  carbonate  of  potass 
obtained  by  calcining  tartar  (788),  with  its  weight  of 
pure  quick-lime,  first  slaked,  in  water.  The  ley  is 
strained  through  clean  linen,  and  concentrated  by  era** 
poratiou  in  a  silver  dish ;  the  dry  mass  is  the»  put  into 
a  bottle,  and  as  much  pure  alcohol  poured  upon  it  as 
may  be  necessary  to  dissolve  all  that  is  soluble  in  thai 
fluid.  This  alcoholic  solution  must  be  decanted,  and 
distilled  in  an  alembic  of  pure  silver  fitted  with  a  glass 
bead*  When  the  alkali  is  in  fusion  it  is  to  be  poured 
into  a  silver  dish^  and  when  cold,  broke  into  pieces, 
and  preserved  in  well  stopped  phials. 

791.  MuBiATB  OP  Potass.  This  salt,  which  in 
old  Pharmacy  was  called  febrifuge^  and  digestive  salt 
of^lviusj  wid  regenerated  tartar^  may  be  obtained 
by  dis&olving  either  hydrate  or  carbonate  of  potass  to 
saturation  in  muriatic  acid ;  as  soon,  however,  as  Che 
solution  is  evapmrated  to  perfect  dryness,  we  are  assured 
by  the  late  researches  of  Sir  H.  Davy  and  other  Che« 
mists,  that  the  salt  is  converted  into  Chloride  of  Potas« 
siuin ;  the  hydrogen  of  the  muriatic  acid  .uniting  with 
the  oxygen  of  the  potassa,  and  forming  water,  which  is 
volatiliiedi  When,  however,  this  substance  is  again 
dislohred  ia  water,  it  becomes  cmce  more  muriate  of 
potaasb  lathe  state  of  dry  salt  it  is  composed  of  one 
atom  of  potassium,  and  one  atom  of  chlorine,  whence 
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its  representative  number  will  be  (40 -f- 36)  =76.  Bat 
in  solution,  when  it  must  exist  as  a  muriate,  it  may  be 
regarded  as  constituted  of  an  atom  of  muriatic  acid  = 
37,  and  an  atom  of  potass  =  48,  its  equivalent  number 
will  accordingly  be  =  85.  This  view  of  the  conversion 
of  one  body  into  another  by  the  mere  action  of  Mrater 
is  so  contrary  to  all  our  preconceived  and  popular 
opinions,  that  it  is  difficult  for  the  student  to  give  im- 
mediate credence  to  its  truth ;  that  a  body  in  our  hands 
should  be  chloride  of  potassium,  and  in  our  mouths 
muriate  of  potass,  is  a  startling  assertion,  but  the  chai^ 
is  not  more  extraordinary  than  that  which  takes  place 
by  the  action  of  water  on  an  alkaline  solphiiret  (686), 
the  truth  of  which  is  at  once  announced  to  us  by  the 
escape  of  sulphuretted  hydrogen,  of  which  bur  senses 
can  take  cognizance.  It  would  be  vain  to  speak  of  the 
taste  of  chloride  of  potassium,  since  it  is  impossible  to 
subject  it  to  the  test  of  this  sense  without  converting  it 
into  the  muriate ;  the  solution,  however,  is  bitter  and 
disagreeable.  The  crystals  are  cubical  in  their  form, 
undergo  little  change  on  exposure  to  the  air,  and  are 
soluble  in  three  times  their  weight  of  water  at  60°,  and 
in  a  rather  less  proportion  at  313*. 

79S.  Sulphate  of  Potass.  This  is  the  sal  de 
duobus  of  the  older  chemists,  and  may  be  formed 
directly  by  saturating  sulphuric  acid  by  potass,  and 
crystallizing  the  solution.  It  is  a  refuse  product,  also, 
of  several  chemical  operations  carried  on  upon  a  large 
scale  in  the  processes  of  the  arts.  It  crystallines  in  six- 
sided  prisms,  terminated  by  six-sided  pyramids  with 
triangular  faces.  Its  specific  gravity  is  8*047.  Its 
ti^te  is  bitter ;  when  thrown  on  a  red  hot  iron  it  decre* 
pitates,  and  is  volatilized  by  a  strong  heat,  first  running 
into  fusion.  It  does  not  contain  any  water.  Water  at 
60^  takes  up  only  pne-sixteenth  of  its  weight;  but 
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when  boiliiig  it  dissolves  one-fifth,  or  by  continuing 
the  appKcation  of  heat  even  one-fourth.  This '  salt 
consists  of  one  atom  of  acid  -{-  one  atom  of  base ;  its 
representative  number  therefore  is  (40  -j-  48)  =:  88. 

793.  Bi-SuLPHATE  OF  PoTAss,  or  Super-sulphate, 
is  formed  by' adding  sulphuric  acid  to  a  hot  solution  of 
sulphate  of  potass.  It  is  also  formed  during  the  opera- 
tion of  preparing  nitric  acid  (369),  and  remains  in  the 
retort  after  the  distillation.  It  has  an  intensely  sour 
taste,  and  is  much. more  soluble  in  water  than  the 
neutral  sulphate,  one  part  being  dissolved  by  two  of 
water  at  60"^,  and  in  less  than  an  equal  weight  at  S1S°. 
It  is  insoluble  in  water.  According  to  Dr.  Wollaston 
it  contains  just  twice  as  much  acid  as  the  sulphate.  It 
is  therefore  constituted  of  one  atom  of  base  with  two 
atoms  of  acid  (48 -{- 40 -j- 40)  =  128;  as  it  contains 
however  an  atom  of  water,  we  must  add  9,  making  its 
representative  number  =  137. 

794.  Sulphite  op  Potass  is  formed  by  passing 
sulphurous  acid  into  a  solution  of  potass,  and  evapo- 
rating out  of  the  contact  of  air.  Rhomboidal  plates 
are  obtained  white,  of  a  sulphureous  taste,  and  very 
soluble.  By  exposure  to  air  they  pass  into  sulphate  of 
potas9.  This  salt  has  the  property  of  preventing  the 
fermentation  of  syrup. 

793.  Nitrate  of  Potass.  Nitre. ^  Saltpetre. 
This  salt  may  be  procured  by  saturating  potass,  or  its 
carbonate,  with  nitric  acid,  but  it  occurs  so  abun- 
dantly in  soils  in  the  East  Indies,  that  it  may  be  pur- 
chased at  a  much  less,  expense  than  that  which  would 
attend  its  preparation.  In  the  state,  however,  in  which  . 
it  is  imported  it  is  extremely  impure,  containing  besides 

•  The  Niirum  of  the  ancients  was  Soda,  thus  Jeremiah  ii.  82. 
'*  Though  thou  wash  thee  with  niire,  and  take  much  soap,  yet . 
thine  iniquity  is  marked  before  me.*' 
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other  subfltanceS)  a  considevabk  proportion  of  oommoH 
salt ;  in  vhich  state  it  i«  called  rough  nitre ;  for  tlie 
purposes  of  chemistry,  it  rtquires  to  be  [Hirifled  by 
solution  in  water  and  re-crystallisation;  and  it  then 
fK^quires  the  name  of  re6ned  nitre,  or  refined  Salt  Petre. 
In  Germany  and  France  it  is  artificially  produced  in 
what  are  called  Nitre  Beds,  f  It  crystallizes  in  six- 
sided  prisms,  usually  terminated  by  dihedral  summica. 
It  is  dissolved  by  seven  timed  ita  weight  of  water  at  60% 
and  in  its  own  weight  at  212^ ;  this  solubility,  how- 
ever is  considerably  increased  by  the  presence  of  com- 
mon salt.  It  fuses  at  a  moderate  heat,  and  being  cast 
in  moulds  forms  what  is  called  Sal  Prunelle,*  At  a 
red  heat  it  is  decomposed,  and  if  it  be  distilled  in  an 
earthen  retort,  or  in  a  gun  barrel,  in  consequence  of 
the  decomposition  of  its  acid,^  a  large  vohime  of  oxygen 

f  It  consists  in  throwing  ajaimal  sabftBBC«8»  such  as  dang,  or 
other  excrsments,  with  the  reaiains  of  old  mortar,  pr  othfcr  loose 
calcareous  earths,  into  ditches  dug  for  that  purpose,  and  covered 
with  sheds,  open  at  the  sides,  to  keep  off  the  rain.  Occasional 
watering,  and  turning  up  from  time  to  time,  are  necessary  to 
accelerate  theproce»,  and  to  increase  the  surfkces  to  which  the 
air  may  apply;  but  too  much  moisture  is  detrimental.  After  a 
saeoesuoo  of  many  months  nitre  is  fuuad  in  the  mass,  and  amy  ba 
extracted  by  lixiviation.  If  the  beds  contained  much  vegetable 
matter,  a  considerable  portion  of  the  nitric  salt  will  be  common 
salt-petre,  but  in  other  cases,  the  acid  ^ill  for  the  most  part  be 
combined  with  calcareous  earth,  and  the  compound  is  made  to 
yield  nitre  by  mixture  with  sub-carbonate  of  Potass.  The  nitro- 
gen of  the  aaimal  matter  and  the  oxygen  of  the  air  appear  in  this 
process  to  combine  and  form  nitric  acid,  which  Aea  umSes  to  tho 
potass  fiiraished  by  the  decomposed  yegetableSit  or  witii  the  cal- 
careous matter  present  in  the  mixture. 

.  *  Sa  called  firom  the  resemblance  wbieh  this  substance  origi- 
nally boie  to  a  Plum,  it  having  been  usual  ia  Germany  to  colour 
it  purple. 
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gas  will  be  evolved,  and  the  alkali  remains,  whicli  will 
corrode  the  earthen  vessel  in  which  it  is  heated.  It  is 
rapidly  decomposed  by  carbonaceous  matter  in  a  high 
temperature,  the  products  of  which  are  nitrogen  and 
<iarbonic  acid  gases,  and  a  residuum  of  sub-carbonate 
of  potass  which  was  formerly  termed  Clyssus  of  nitre. 
.  By  sulphuric  acid  it  is  decomposed,  as  we  have  already 
seen  (568,)  and  nitric  acid  ^s  evolved.  It  consists  of 
one  atom  of  nitric  acid  z=  54  and  one  atom  of  potass 
1=  48.  Its  representative  number  will  therefore  be 
102. 

796.  Chlorate  op  Potass  ;  formerly^  Hypev' 
oxj/muriate  of  Potass.  This  salt  may  be  formed  by 
transmitting  chlorine  through  a  solution  of  potass,  in 
Woolfe's  bottles  (176.)  In  this  process  the  water  is 
decomposed;  its  oxygen  unites  with  one  portion  of 
the  chlorine,  forming  chloric  acid,  while  its  hydrogen 
Unites  with  another  portion,  and  produces  muriatic 
acid,  and  hence  chlorate  and  muriate  of  potass  are 
contemporaneously  generated,  and  must  be  separated 
by  crystallization,  which  is  easily  accomplished  since 
the  former  salt  will  be  the  first  to  crystallize.  Its  crys- 
tals are  in  shining  rhomboidal  plates ;  its  taste  is  cool- 
ing and  rather  unpleasant ;  its  specific  gravity  is  S* ; 
i6  parts  of  water  at  60°  dissolve  one  of  it,  and  2|  of 
boiling  water ;  in  alcohol  it  is  very  sparingly  soluble. 
By  exposing  it  to  a  strong  heat  it  fuses,  and  then 
gives  off  the  purest  oxygen.  The  effects  of  this  salt 
on  inflammable  bodies  are  very  powerful,  and  give 
origin  to  some  of  the  most  striking  and  brilliant  ex- 
periments in  Chemistry. 

Ei:p.  86. — ^Mix  a  little  pugar  with  half  its  weight  of 
the  chlorate,  and  pour  over  the  mixture  a  small 
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quantity  of  concentrated  sulphuric  acid,  a  sudden 
'  and  vehement  inflammation  will  ensue.* 

Exp.  87. — ^To  one  grain  of  the  powdered  salt  in  a 
mortar,  add  half  a  grain  of  phosphorus,  it  wilt 
detonate,  with  a  loud  report,  on  the  slightest 
triture. 

Exp.  88. — Put  into  an  ale  glass  one  part  of  phos- 
phorus and  two  of  the  chlorate,  and  nearly  fill 
the  vessel  with  water.  Then  by  means  of  a  glass 
tube,  or  funnel,  reaching  to  the  bottom  of  the 
glass,  pour  in  three  or  four  parts  of  sulphuric 
acid ;  the  phosphorus  will  take  tire,  and  bum  un- 
der the  surface  of  the  water. 

See  also  experiment  S,  page  84. 

797.  These  phasnomena  depend  upon  the  decom- 
position of  the  chloric  acid ;  when  sulphuric  acid  is 
poured  upon  mixtures  of  this  salt  and  combustibles, 
intent  ignition  ensues  in  consequence  of  the  evolution 
of  Euchlorine. 

798.  The  above  experiments  require  great  caution, 
and  the  salt  ought  never  to  be  kept  in  a  state  of  mix- 
ture with  carbon,  sulphur,  or  other  inflammables,  as 
spontaneous  explosion  might  thus  occur. 

799  Chlorate  of  Potass  consists  of  one  proportion 
of  chloric  acid  =  76  and  one  of  potass  =  48;  its  equi- 
valent therefore  is  124. 

800.  Prussiate,  or  Hydro-cyanate  of  Potass. 
This  salt  may  be  produced  by  the  mixture  of  its  con- 
stituents, but  such  is  its  instability,  that  the  weakest 

*  Matches  coated  with  this  mixture,  by  meaos  of  a  little  ^m, 
are  sold  with  a  small  bottle  of  sulphuric  acid,  for  the  purpose  of 
producing  instautaneous  light.  We  must  however  take  care  to 
keep  the  acid  in  a  well  stopt  bottle,  or  it  wiH  become  too  dilute 
to  answer  the  purpose. 
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iic4dS)  even  the  carbonic,  decompose  it ;  in  the  form, 
however,  of  a  triple  salt  with  a  metallic  base,  a  more 
permanent  compound  is  produced,  the  most  useful  of 
which  is  the  following. 

801.  Fbrro-cyanate,  or  Triple  Prussiate  of 
Potass.  If  a  solution  of  the  above  salt  be  digested 
with  protoxide  of  iron,  a  portion  of  the  latter  body  is 
dissolved,  the  solution  becomes  yellow,  and  if  more 
hydro-cyanic  acid  be  added,  we  obtain  a  neutral  and 
crystallizable  fluid,  which  will  aflbrd  the  salt  in  ques- 
tion. The  more  usual  method,  however,  of  forming  it, 
is  by  decomposing  the  pigment  well  known  by  the? 
name  of  Prussian  blue^  by  means  of  Potass.  This 
body  is  a  combination  of  Hydro-cyanic  acid  and  per- 
oxide of  iron,  together  with  a  portion  of  Alumina.* 
In  order  to  remove  this  latter  substance,  we  should 
heat  the  Prussian  blqe  of  commerce  with  an  equal 
weight  of  sulphuric  acid  which  has  been  diluted  with 
five  or  six  parts  of  water,  and  afterwards  well  wash  it 
with  distilled  water.  It  may  then  be  powdered  and 
added  in  successive  portions  to  hot  liquid  hydrate  of 
potass,  until  its  colour  ceases  to  be  destroyed.  The  solu- 
tion is  then  to  be  filtered^  evaporated,  and  crystallized. 
The  Prussian  blue,  by  this  treatment,  is  decomposed, 
it' loses  its  blue  colour,  and  the  hydro-cyanip  unites 
with  the  potass,  and  a  portion  of  the  oxide  of  iron. 

*  Prussian  Bhie  is  manufactured  in  several  parts  of  Great 
Britain.  Equal  parts  of  sub-carbonate  of  Potass  and  various 
animiM  matters,  such  as  hoofs  and  horns,  dried  blood,  dec.  are 
heated  red  hot  in  large  iron  stills ;  the  fused  mass  is  tibca  faded 
out  into  iron  pans,  where  it  concretes  into  solid  blocks,  techni- 
cally called  meMi ;  upon  these  when  cold  six  or  eight  parts  of 
water  are  poured.  The  solution  is  filtered,  and  mixed  with  a 
liquor  containing  two  parts  of  alum  and  one  of  green  vitriol 
IjmlphMU  tf  irwt),    A  precipitate  falls,  at  first  of  a  dingy  greejRi 
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SOS.  This  salt  assumes  the  fona  of  fine  large  ttuia* 
parent  crystals,  of  a  lemon  yellow  colour,  aii4  fiee 
from  taste  and  smell;  its  q>ecific  gravity  is  1*833. 
Water  at  60^  dissolves  nearly  one-third  of  iu  wei^^it^ 
and  boiling  water  nearly  an  equal  weight.  It  is  decxNn* 
posed  at  a  high  temperature. 

803.  To  the  Chemist  this  salt  is  of  great  value  a9  %, 
test  of  the  presence  of  iron,  and  other  metals.  It  decom*. 
poses  all  metallic  solutions  excepting  those  of  gold  and 
platinum.  The  following  table,  extracted  from  Dr. 
Ure's  valuable  Dictionary  of  Chemistry,  presents  a 
view  ^f  the  colours  of  the  precipitates  thus  produoed* 

Solutions  of  Give  a 

Manganese ,  White  precipitate. 

Protoxide  of  Iron Copious  white. 

Deutoxide  of  Iron Copious  clear  blue. 

Tritoxide  of  Iron Copious  dark  blue. 

Tin White. 

Zinc White. 

Antimony White. 

Cobalt Grass  green. 

Bismuth White. 

Protoxide  of  Copper  . .  .White. 
Deutoxide  of  Copper  . . .  Crimson  brown. 

Lead White. 

Deutoxide  of  Mercury  ..White. 

Silver. , .  .White,  becoming  blue. 


t^ 


hue,  bat  wbicb,  by  copious  washiug  with  very  dilute  umriatic. 
acid,  acquires  a  fine  blue  tint.  In  this  process  the  juiiinal  malttf 
furnishes  tbe  Prussic  acid,  it  being  a  new  product  arising  from 
the  reunion  of  some  of  its  elements. 
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Satis  with  a  base  of  Soda* 

804.  Carbonate  or  Su^cabbonate  of  Soda  is 
obtained  by  the  combustion  of  marine  plants,*  the 
ashes  of  ¥fhich  afford,  by  lixiviation,  the  impure  salt 
termed  in  commerce  Barilla,  which  is  imported  from 
Spain  and  the  Levant  in  hard  porous  masses,  of  a 
speckled  brown  colour ;  in  which  state  it  is  contami« 
nated  by  common  salt,  and  other  impurities,  from 
which  it  may  be  separated  by  solution  in  a  small  por^ 
tion  of  water,  filtering  the  solution,  and  evaporating  it 
at  a  low  heat;  the  common  salt  may  be  skimmed  off  as 
its  crystals  form  upon  the  surface**  When  required  of 
great  purity,  it  may  be  prepared  by  submitting  the 
acetate  to  a  red  heat,  which  is  thus  converted  into 
carbonate  of  soda  and  charcoal^  the  former  of  which 
is  separable  by  water.  Like  the  sub-carbonate  of  pot- 
ass, it  has  strong  alkaline  chai'acters.  When  its  cry*- 
stals  are  heated  they  fuse,  and  are  converted  into  a  dry 
white  powder  from  the  loss  of  their  water.  They  are 
soluble  in  half  their'  weight  of  water  at  60"^,  and  in 
rather  less  than  their  own  weight  at  21^^.  By  ex»- 
posure  to  the  air  they  effloresce*  They  consist  of  one 
atom  of  Soda=r39,  and  one  atom  of  carbonic  acid:= 
82 ;  the  representative  number  of  the  salt  therefore^ 
in  its  dry  state,  will  be  54 ;  but  in  its  crystallised  form 
it  contains  11  atoms  of  water  =  99,  in  which  case  158 
will  be  the  equivalent  number. 

805.  Bi-CARBONATE  OF  SoDA,  or  CorbonaU  of 
Soda.    This  is  produced  by  a  process  similar  to  thait 
described  for  the  preparation  of  bi-carbonate  of  potass* 
When  the  solution  becomes  perfectly  neutral,  so  as  not 

*  Chiefly  of  the  gtnos  S^toU,  which  h  said  to  he  endowed 
with  the  property  of  deconoposiiig  sea  salt,  and  ahsorbiu|r  the 
Soda,  whence  it  acqnired  the  name  of  Sartwort. 
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to  affect  turmeric  paper,  minute  crjrstals  of  bi-carbonate 
of  soda  are  formed,  and  being  less  soluble  than  the  sub- 
carbonate,  fall  down  in  that  state ;  these  are  perfectly 
ivhite,  have  but  a  slight,  and  not  an  alkaline  taste, 
and  are  partially  decomposed  even  at  a  very  moderate 
temperatui*e.  Independently  of  their  water  of  crystal- 
lization, the  proportion  of  which  Mr.  Phillips  thinks 
*has  not  been  clearly  ascertained,  the  bi-carbonate 
contains  double  the  quantity  of  carbonic  acid  con- 
•tained  in  the  carbonate,  and  therefore  consists  of  S 
atoms  of  acid  S2X  S=44,  and  1  atom  of  soda=:33,  its 
number  is  therefore  76.  Although  Mr.  Phillips  *  thinks 
he  has  seen  real  bi-carbonate  of  soda,  in  the  state  of 
moist  crystals,  yet  he  has  never  met  with  any  that  was 
dry  which  had  not  lost  one-fourth  of  its  carboiiic  acid 
by  exposure  to  heat ;  it  is  then  a  white  gritty  powder, 
less  soluble  than  the  carbonate,  like  which  it  possesses 
an  alkaline  taste,  and  turns  vegetable  yellows  brown, 
but  both  in  a  less  degree.  This  salt  sometimes  crystal- 
lizes, it  is  decomposed  by  a  red  heat,  like  the  true  bi- 
carbonate, and  dry  carbonate  of  soda  remains.  He 
considers. that  this  salt,  the  carbonate  of  the  Pharma- 
copoeia, to  be  a  compound  of  one  atom  of  carbonate 
and  one  atom  of  bi-carbonate,f  combined  with  water, 
and  to  consist  of  S  atoms  of  carbonic  acid=r(22X3  = 
66) ;  2  atoms  of  soda  =  (32  X  2) = 64 ;  and  4  atoms  of 
water  (9X4)  =  36,  Its  representative  number  will 
accordingly  be  166. 

806.  Muriate  of  Soda,  or  Chloride  of  Sodium. 
Common  Salt,  This  salt  exists  abundantly  in  nature, 
in  immense  fossil  masses  termed  rock  salty  and  in  solu- 

* -      -  _ 

^  Translation  of  the  Pharmacopceia. 

f  Salts  constituted  of  an  atom  of  carbonate  and  ao  sitom  of 
bi-carbonate,  are  sometimes  called  Sei^ta-carkonules^  as  beinf 
equivalent  to  an  atom  and  a  half  of  acid  and  on«  of  base. 


or  Chloride  of  Sodium.  441 

lion  in  water  of  the  ocean*    In  the  fluid  form  it  is  a 
true  muriate  of  soda;  but  in  a  dry  state  it  passes  into 
a  chloride  of  sodium ;    the  observations  which  have 
been  already  made  upon  this  subject,  und^r  tbp  head 
of  muriate  of  potass,  will  equally  apply  to  the  chemical 
history  of  the  pi'esent  saline  body.     It  crystallizes  into 
solid  regular  cubes,  or,  by  hasty  evaporation,  in  hollow 
quadrangular  pyramids,  which  when  perfectly  pqre,  are 
but  little  changed  by  exposure  to.  the  air.    The  salt, 
however,  as  it  usually  occurs,  is  contaminated  by.mu«' 
riate  of  magnesia,  to  which  its.  tendency  to  delique- 
scence is. attributable.     Dr.  Henry  has  shewn  that  the 
various  fonus  under  which  this  body  appears,  such  as 
that  of  sioved  saltj  Jisherj/  salt^  hay  salt^  &c.  arise 
from  modifications  in  the  size  and  coinpactnesa  in  the 
grain,  rather  then  from  any  essential  diSerence  in  che- 
mical composition.    For  solution,  it  requires  twice,  and 
a  half  its  weight  of  water  at  60°  ;  and  hot  water  takes 
up  very  little  more,  hence  its  sol^ution  is  made  to  crys- 
tallize by  evaporation,  and  not  by  refrigeration  (198). 
By  heat  it  fiises  and  assumes  the  form  of  a  solid  com- 
pact mass.     When  suddenly  heated,  as  by  throwing  it 
on  red  hot  coals,  it  decrepitales*     It  is  decomposed  by 
sulphuric  acid  (543)  as  well,  ashy  nitric  acid.    This 
salt,.in  its  dry  state,,  consist  of  an  atom  of  sodium:z:24, 
and  an  atom  of  chlorine =36 ;  its  equivalent  is  there- 
fore 60. 

807.  SuLPiiAfE  ofSoda,  Glauber^ s  Salts.  The 
production  of  this  salt  during  the  preparation  of  muri- 
atic acid  has  been  already  explained.  It  forms  crystals, 
the  primitive  form  of  which  is  an  oblique  rhombic 
prism.  Its  .taste  is  bitter ;  on  exposure  to  air  it  efflores- 
ces; in  water  it  is  very  soluble,  three  parts  at  60'', 
dissolving  one  part;  at  SIS'"  it  dissolves  its  own 
weight;   when  exposed  to  heat  it  undei^^oes.  watery 
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fiision.  It  consists  of  one  atom  of  acid!::  40,  one  atom 
of  soda=rd2,  and  ten  atoms  of  water  =r 90;  its  repre- 
sentative number  therefore  is  16S. 

808.  Nitrate  of  Soda.   This  salt  may  be  formed 
by  saturating  carbonate  of  soda  with  nitric  acid,  or  by 
distilling  common  salt  with  three-fourths  its  weight  of 
nitric  acid.    It  crystallizes  in  the  form  of  rhomboidal 
prisms. 

809.  Chlorate  of  Soda.  This  is  prepared  by  a 
process  analogous  to  that  employed  for  the  production 
of  the  similar  salt  with  the  base  of  potass,  with  which 
it  nearly  agrees  in  character. 

810.  Phosphate  of  Soda,  may  be  obtained  by 
saturating  the  carbonate  of  soda  with  phosphoric  acid; 
when  obtained  in  crystals  by  evaporation,  it  always 
contains  an  excess  of  base,  and  yet  Mr.  Dalton  regards 
it  as  a  bUphosphatCy  and  that  in  order  to  neutralize  it 
the  acid  must  be  doubled,  whence  the  neutral  phos- 
phate must  be  a  quadri-phosphate. 

Salts  with  a  base  ofAmmoniaj  or  Ammoniacal  Salts. 

811.  These  salts  are  distinguished  by  the  foUowir^ 
characters :— When  treated  with  a  caustic  fixed  alkali 
or  earth,  they  exhale  the  peculiar  odour  cf  ammonia; 
they  are  generally  soluble  in  waier,  and  crytaUiaaMe; 
they  are  all  decomposed  at  a  moderate  red  heat ;  and 
if  the  acid  be  fixed^  as  the  phosphdrio,  the  ammonia 
comes  away  pure. 

818.  Muriate  OF  Ammonia.  Sal  Ammoniac.  This 
was  originally  fabricated  in  Egypt  from  the  dung  of 
the  camel,  and  having  been  found  in  abundance  near 
the  temple  of  Jupiter  Ammon,  gained  the  name  of  Std 
Ammoniac.  It  is  now  prepared  on  the  large  scale  by 
various  processes,  the  greater  number  of  whkh  consist 
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in  obtaining  an  impure  ammonia  from  animal  sub- 
stances by  diBtillation,  combining  it  with  sulphuric 
acid,  and  decomposing  this  sulphate  by  muriate  of 
soda ;  the  muriate  of  ammonia  formed  from  the  mutual 
action  of  these  compound  salts  being  sublimed  in  the 
form  of  a  solid  dense  mass,  somewhat  ductile,  and 
semi-transparent.*  It  is  readily  soluble  in  water,  three 
parts  and. a  half  of  which,  at  60°,  take  up  one  of  the 
salt;  during  its  solution  much  caloric  is  absorbed;  at 
21S°,  it  is  still  more  soluble,  and  the  solution,  on  cool« 
ing,  shoots  into  regular  crystals.  In  its  dry  state  it  i$ 
composed  of  one  atom  of  muriatic  acid =37,  and  one 
of  ammoniaz^lT;  its  equivalent  number  being  54;  bui 
as  it  generally  occurs  it  contains  one  atom  of  water=z9, 
which  will  make  its  number  =r  63. 

813.    Carbonates  of  Ammonia.    There  are  at 

least  two  definite  compounds  of  Carbonic  acid  and 

Ammonia,  niz,  the  Carbonate^  consisting  of  one  atom 

of  carbonic  acid  and  one  of  ammonia;  and  the  £i* 

carbonate,  consisting  of  two  of  the  former  to  one  of 

the  latter.    The  Sub^carbonaU  of  the  PlMtrmaoojxBia, 

if  admitted  as  a  third,  must  be  denominated,  as  Mr^ 

Phillips  proposes,  a  Stsiqui^curbQuate,  being  constituted  '^ 

of  one  and  a  half  atom  of  carbonic  acid  and  one  of 

ammonia,  or  rather  of  three  and  two  atoms;  but  it  will 

perhaps  be  more  scientific  to  regard  it  as  a  compound 

of  an  atom  of  the  carbonate  and  an  atom  of  the  M^ 

carbonate.  The  Carbonate  may  be  produced  by  ming-* 

ling  over  mercury  one  volume  of  carbonic  acid,  and 

two  volumes  of  ammonia.    The  Bi'Carbonate,  by  im- 

pregnaiting  a  solution  of  the  common  carbonate  with 

carbonic  acid  gas;  it  has  no  smell  and  but  little  taste^ 

*  For  an  intereslio^  accaiint  ef  the  laaaal^tuve  ef  this  astt, 
sec  Pjirkes's  Cboniical  Esbays,  vol.  8.  f,  437. 
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and  is  capable  of  crystallizing  in  small  six-sided  prisms. 
The  Sub'Carbonate^  or  Sesquucarbonaiey  is  prepared 
by  subliming  muriate  of  ammonia  in  contact  with  car- 
bonate of  lime,  by  which  a  double  decomposition  is 
effected,  the  muriatic  acid  attaching  itself  to  the  lime, 
and  the  carbonic  acid  to  the  ammonia.  This  salt,  when 
recently  prepared,  has  a  crystalline  appearance,  and 
some  transparency,  and  is  hard  and  compact ;  its  smell 
is  pungent,  and  its  taste  sharp  and  penetrating.  It 
aifects  yegetable  colours  like  an  uncombined  alkali. 
It  is  soluble  in  about  four  times  its  weight  of  cold 
water,  and  by  hot  water  it  is  decomposed  with  efieryes- 
cence.  When  exposed  to  the  atmosphere,  it  loses 
weight  yery  fast,  ceases  to  be  transparent,  loses  its 
odour  and  becomes  brittle,  and  is  ultimatdy  converted 
into  the  bucdrbonate. 

814.  Sulphate  of  Ammonia  exists  in  soot,  and 
imparts  to  that  substance  its  peculiar  bitterness.  It 
may  be  formed^  directly  by  saturating  the  sub-carbo- 
nate with  sulphuric  acid.  It  crystallizes  in  long  flat- 
tened prisms  with  six  sides,  terminated  by  six-sided 
pyramids. 

.  S15.  Phosphate  of  Ammonia  may  be  obtained  by 
saturating  phosphoric  acid  with  ammonia;  it  also  oc- 
curs as  a  common  ingredient  in  the  urine  of  camivo- 
rous  animals.  When  heated  it  fuses,  swells,  and  is 
ultimately  decomposed,  leaving  the  acid  in  a  glacia] 
ibrm. 

Earthy  Salts. 

816.  IVIany  of  these  compounds  retain  the  insolu- 
bility of  their  bases  in  water ;  others,  however,  are  as 
soluble  as  the  alkaline  salts,  but  they  are  precipitated 
from  their  solutions  by  the  carbonate  of  potass,  al« 
though  to  this  law  there  are  some  exceptions^ 
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Salts  of  Lime ^  or  Calcareous  Salts. 

817.  They  are  generally  sparingly  soluble  in  water  ; 
the  solutions  of  which  are  decomposed  by  the  alkaline 
carbonates,  potass,  soda,  baryta,  by  oxalic  acid,  and 
by  carbonate  of  ammonia,  but  not  by  pure  ammonia* 
The  insoluble  salts  of  lime  are  decomposed  by.  being 
boiled  with  carbonate  of  potass,  and  afford  carbonate 
of  lime. 

818.  Carbonate  of  Lime,  It  occurs  abundantly 
in  the  mineral  kingdom,  constituting  immense  moun- 
tains of  limestone,  chalk,  marble,  &c.  while,  in  the  ani- 
mal kingdom,  it  forms  the  shells  of  innumerable  ani- 
mals. When  subjected  to  a  strong  heat,  the, carbonic 
acid  is  driven  off,  and  the  base  of  lime  remains.  It  is 
also  decomposed  by  acids  with  effervescence,  and  the 
lime  remains  in  combination  with  the  acid  employed. 
Although  carbonate  of  lime  is  scarcely  soluble  in  water^ 
yet  it  becomes  so  through  the  medium  of  carbonic  acid, 
as  already  shewn  hy  Exp.  67.  By  heating  the  solutioa 
of  lime  in  an  excess  of  carbonic  acid,  we  do  not,  as  ia 
the  case  of  alkaline  solutions  (789),  obtain  a  bi-carbo- 
nate,  which  is  a  salt  still  unknown;  but  the  lime  is 
thrown  down  in  the  state  of  simple  carbonate,  and  the;, 
excess  of  carbonic  acid  escapes.  It  is  constiti|ted  of 
one  atom  of  lime  =  S8,  and  one  atom  of  carbonic  acid 
=  S3.    Its  equivalent  number  will  therefore  be  50. 

819.  Mum  ATE  OF  Lime,  or  Chloride  of  Calcium^ 
When  muriatic  acid  is  saturated  with  carbonate  of  lime, 
evaporated  to  dryness,  and  afterwards  fused,  the  muria-v 
tic  acid^  is  decomposed ;  its  hydrogen,  uniting  with  the 
oxygen  of  the  lime,  escapes  in  the  state  of  water,  and 
the  chlorine  unites  with  the  calcium,  and  forms  Chloride 
of  Calcium.  When  this  body  is  exposed  to  the  air,  it 
soon  deliquesces,  as  it  is  soluble  in  a  very  small  quaa^ 
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tity  of  water,  and  becomes  a  true  muriate*  Thus  are 
the  chloride  and  muriate  mutually  conyertible  into 
each  other  by  adding  or  expelling  water.  The  muriate 
has  an  extremely  bitter  taste,  and  is  susc^tible  of  crys-* 
Callization,  in  which  state  it  contains  five  proportionals 
of  water. 

820.  SuLPHATB  OF  LiME.  Gt/psum.  This  stdt  is 
found  abundantly  in  nature,  under  the  names  of  Gyp-- 
sum^  Plaister  ofParis^  Alabaster j  &c. ;  it  may  also 
be  immediately  produced  by  the  union  of  its  elements. 
If  sulphuric  acid  be  added  to  a  concentrated  solution 
of  the  muriate  of  lime,  a  precipitate  of  sulphate  imme- 
diately falls,  so  abundant  as  to  impart  an  almost  solid 
form  to  the  fluid,  and  if  this  be  gently  calcined,  we 
shall  procure  sulphate  of  lime.  It  h  sparingly  soluble, 
requiring  600  times  its  weight  of  cold  water,  or  450  of 
hot  water.  By  a  moderate  heat  it  is  fusible ;  after  cal- 
cination, it  absorbs  water  rapidly,  and  forms  a  cement, 
which  renders  it  highly  useful  in  taking  casts.  It  is 
decomposed  by  alkaline  carbonates,  a  double  exchange 
of  principles  ensuing.  Hence,  hard  waters,  which  owe 
this  property  to  sulphate  of  lime,  curdle  ^oap,  the  al- 
kali of  which  is  detached  by  the  sulphuric  acid,  and  the 
oil  is  set  at  liberty.  It  consists  of  an  atom  of  lime  r=28, 
and  an  atom  of  acid  =  40,  and  its  equivalent  number 
is  68. 

821.  Chlorate  of  Lime  may  be  prepared  syn- 
thetically ;  it  is  deliquescent,  of  a  sharp  and  bitter 
taste,  soluble  in  alcohol,  and  gives  out  oxygen  gas 
when  heated. 

898.  Phosphate  of  Lime.  This  salt  constitutes 
86  per  cent,  of  bones,  and  may  be  obtained  from  them, 
by  first  dissolving  them,  when  calcined  and  pulverized, 
in  dilute  muriatic  acid,  and  precipitating  the  solution 
with  ^ure  ammonia.   The  precipitate,  when  sufficiently 
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edulcorated,  is  pure  Phosphate  of  Lime^  an  insipid 
white  powder,  insoluble  in  water,  but  soluble  in  dilated 
nitric,  muriatic,  and  acetic  acids,  and  again  precipita- 
ble,  unaltered,  from  those  acids  by  caustic  ammonia* 
At  a  high  temperature,  it  fuses  into  an  opaque  white 
enamel*  It  consists  of  1  atom  of  acid  z=  S8,  -{-  1  of 
base  =  98,  the  compound  atom  =  56.  According  to 
Yarious  Chemists  the  phosphoric  acid  enters  into  other 
atomic  proportions  with  lime,  producing,  a  J3t-pAo«- 
phatCy  TruphosphaUy  Quadri^phosphate^  Ocio-'phos" 
phate,  and  Dodeca'phoaphaie. 

883.  Febro-ctanate  of  Lime.  This  compound, 
which  is  useful  as  a  test  of  iron,  may  be  formed  by  a 
process  like  that  employed  for  the  preparation  of  the 
similar  salt  with  a  base  of  potass. 

Salts  with  a  base  of  Baryta^  or  Barj/tic  Salts. 

884.  These  are  generally  insoluble  in  water,  and 
undecomposable  by  fire ;  they  are  all  poisonous,  and 
are  decomposed  by  the  ali^aline  carbonates. 

825.  Carbonate  of  Baryta.  The  relations  of 
carbonic  acid  to  this  earth  are  similar  to  those  which 
it  bears  to  lime,  the  observations  therefore  which  are 
offered  under  the  history  of  the  carbonate  of  that  earth 
apply  to  the  present  salt.  It  is  nearly  insoluble  in 
water.  It  is  perfectly  tasteless.  It  occurs  abundantly 
in  nature,  and  is  useful  only  as  a  source  of  pure  baryta 
and  its  salts. 

826.  Muriate  of  Baryta,  or  Chloride  of  Barium. 
This  salt  in  the  state  of  chloride  may  be  formed  by 
heating  pure  Baryta  in  chlorine;  or,  in  the  state  of 
muriate,  by  dissolving  the  carbonate  in  dilute  muriatic 
acid.  It  is  useful  to  the  Chemist  as  a  test  for  sulphuric 
^ts,  since  this  earth  has  a  more  power&il  affinity  tlian 
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any  other  base  for  dulphuric  acid,  with  which  it  forms 
an  insoluble  precipitate. 

Salts  with  a  base  of  Magnesia^  or  Magnesian  Salts, 

827.  These  are  generally  soluble  in  water,  and  bit- 
ter; and  afford  precipitates  of  magnesia,  and  of  carbo- 
nate of  magnesia,  upon  the  addition  of  pure  soda,  and 
of  carbonate  of  soda ;  magnesian  salts,  when  added  to 
ammontacal  salts,  containing  the  same  acid,  quickly 
deposit  crystals  of  a  triple  ammoniaco-magnesian  salt. 

8S8.  Sulphate  of  Magnesia.  This  salt,  having 
been  originally  obtained  from  the  springs  of  Epsom  in 
Surrey,  still  retains  the  popular  term  of  Epsom  Salts. 
For  a  long  time  it  was  procured  from  the  bittern  re- 
maining after  the  preparation  of  common  salt  from  sea 
water;  thus  obtained,  it  was  usually  mixed  with  so 
considerable  a  quantity  of  muriate  of  magnesia,  that 
owing  to  the  deliquescent  property  of  this  salt,  it  was 
damp.  This  objection,  hoWever,  is  now  overcome  by 
a  process  in  which  the  muriate  is  removed  (153),  and 
the  article  thus  purified  appears  in  the  market  under 
the  name  of  double  refined  Epsom  Salts.  It  has  lately 
been  prepared  from  magnesian  limestone,  by  an  inge- 
nious process,  invented  by  Dr.  Henry.  Sulphate  of 
magnesia  crystallizes  with  great  readiness,  and  although 
the  crystals  are  usually  small,  they  may  be  obtained  of 
considerable  size  by  slowly  dooling  the  solution.  It  is 
an  extremely  bitter  salt,  readily  soluble  in  cold,  and 
still  more  so  in  hot  water,  the  former  dissolving  an 
equal  weight,  the  latter  one-third  more ;  it  is  unalter- 
able by  exposure  to  air,  but  when  heated  it  loses  its  wa- 
ter of  crystallization.  It  is  constituted  of  1  atom  of  acid 
=  40  -j-  1  of  magnesia  =  20y  and  7  atoms  of  water 
c=  (9  -f-  7)  63 ;  so  that  its  representative  number  is  123. 
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It  b  one  of  our  most  popular  purgatives ;  for  which 
^purpose,  and  for  that  of  furnishing  the  carbonate,  it  is 
principally  used. 

889.  Ammoniaco-Magnesian  Sulphate.  This 
triple  salt  is  obtained  by  pouring  a  solution  of  pure 
ammonia  into  that  of  sulphate  of  magnesia,  when  a 
portion  only  of  the  earth  is  precipitated,  the  rest  re- 
mains in  solution ;  and,  by  evaporation,  the  triple  salt, 
consisting  of  sulphuric  acid,  magnesia,  and  ammonia, 
is  formed.    It  crystallizes  in  octohedrons. 

830.  Sulphate  of  Magnesia  and  Soda.  This 
triple  salt  may  be  frequently  observed  in  parcels  of 
sulphate  of  soda ;  the  rhomboidal  figure  of  its  crystals 
will  enable  us  to  recognize  it. 

831.  Carbonate  of  Magnesia.  The  sub-car- 
bonate of  the  Pharmacopceia  is  procured  by  mixing 
together  concentrated  and  hot  solutions  of  carbonate 
of  potass  and  sulphate  of  magnesia ;  by  which  a  double 
decomposition  is  efiected ;  the  sulphuric  acid  and  potass 
forming,  by  their  union,  sulphate  of  potass,  which  re- 
mains in  solution,  while  the  carbonic  acid  and  magnesia 
combine  to  fonn  an  insoluble  compound  which  is  pre- 
cipitated. With  respect  to  the  exact  composition  of 
this  body,  some  doubts  may  be  entertained.  It  does 
not  appear  to  be  fully  saturated  with  carbonic  acid, 
whence  Berzelius  is  of  opinion  that  it  is  a  compound 
of  three  atoms  of  carbonate  of  magnesia  with  one  atom 
of  the  hydrate  of  the  same  earth.  By  a  very  moderate 
heat  the  carbonic  acid  is  expelled,  and  pure  magnesia 
remains ;  hence  this  earth  is  commonly  called  Calcined 
Magnesia, 

89S.  Bi-carbonate  of  Magnesia.  If  a  stream 
of  carbonic  acid  be  transmitted  through  water,  in  whiich 
common  magnesia  is  kept  mechanically  suspended,  we 
shall  obtain  after  a  few  days  a  copgeries  of  crystals, 

2f 
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which  have  been  cotididered  ad  a  trae  bi^caibonate. 
Dr.  Henry,  however,  does  not  admit  the  existence  of 
such  a  compound,  and  regards  it  as  a  carbonate,  con- 
sisting of  one  atom  of  carbonic  acid,  one  atom  of 
magnesia,  and  three  atoms  of  water.  The  solution  of 
magnesia  in  an  excess  of  carbonic  acid,  is  highly  tue»- 
ful  in  certain  calculous  disorders. 

833.  Phosphate  of  Magnesia.  This  may  be 
formed  by  adding  the  carbonate  of  magnesia  to  pho^ 
phoric  acid;  or,  by  mixing  solutions  of  sulphate  of 
magnesia  and  phosphate  of  soda ;  from  which,  after  the 
repose  of  a  few  hours,  large  transparent  crystals  of 
Phosphate  of  Magnesia  will  appear.  These  crystak 
are  soluble  in  15  parts  of  cold,  but  in  a  smaller  propor- 
tion of  boiling  water. 

834.  Ammoniaco  •  Phosphate  of  Magnesia. 
This  salt  derives  its  interest  from  its  forming  a  part  of 
certain  urinary  calculi,  and  from  being  deposited  in 
crystals  on  the  sides  of  vessels  in  which  urine  has  been 
long  kept.  It  may  be  artificially  produced  I^  mixing 
solutions  of  phosphate  of  ammonia  and  phosphate  of 
magnesia,  or  any  other  soluble  salt,  with  a  base  of  that 
earth. 

Salts  with  a  base  ofAlumina^  or  Aluminous  Salts. 

835.  These  are  generally  soluble  in  water.  Tasle 
sweetish,  and  styptic.  Ammonia  throws  down  their 
earthy  base. 

836.  Sulphate  OF  Alumina  and  Potass.  Alum. 
This  important  salt  has  been  the  object  of  innumerable 
researches  both  with  regard  to  its  fabrication  and  com- 
position. The  greater  part  which  occurs  in  commerce 
is  factitious,  being  extracted  from  various  minerals, 
called  Alum  ores.  The  most  extensive  alum  manufiio- 
tory  in  Great  Britain  is  at  Hurlett  near  Paisley;  the 
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next  iA  mugpiciide  i»  that  at  Whitby.  The  aliuBinOils 
elate,  which.  aboundB  in  fiulphur,  is  submitted  to  a 
smothered  combustion,  by  wbieh  130  tons  yield  oi^ 
ton  of  alum.  The  calcined  mineral  is  digested  in  tvatei^ 
a  ley  is  ibrmed,  to  "which  mfijriate  of  potass  is  ad^ed, 
and  sometAmed  urine.  After  due  conceoj^ration  th^ 
liquor  deposits  crystals  of  alum.  The  thepry  of  thip 
process  is  obvious ;  by  the  combustion  of  the  sulphur, 
sulphuric  acid  is  formed  which  unites  to  the  alumina 
of  the  slate  and  forms  sulphate  of  alumina,  but  as  this 
salt  requires  the  addition  of  an  alkali  to  induce  it  to 
crystallize,  muriate  of  potass  is  added  for  that  puipose. 
Alum  crystallizes  in  octohedrons,  and  has  a  sweetish 
astringent  taste,  and  the  specific  gravity  of  1.71.  It 
dissolves  in  water,  five  parts  of  which,  at  60°,  take  up 
one  of  the  salt,  but  hot  water  dissolves  dbout  thvee- 
fourths  of  its  weighty  This  solution  reddeos  v^tabl^ 
•blmea,  which'shews  that  the  acid  must  be  in  excess;  it 
has  beieift  tkerefiire  called  a  super»3ulphaie.  When 
mixed  with  a  solution  of  carbonate  of  potass,  an  e&iv 
veacence  is  produced,  and  after  the  excess  of  acid  is 
sattttated,  the  alumina  falls  down  in  the  state  of  a  fiiie 
white  powder.  Alum,  on  exposure  to  air,  effloresces 
superficially,  but  the  interior  remains  long  unchanged^ 
Its  waier  of  crystallization  is  sufficient  at  a  gentle  heat 
to  fuse  it.  If  the  heat  be  increased,  it  finoths  up,  and 
loses  45  per  cent,  of  its  weight.  The  i^ngy  residue  is 
called  burnt  alum,  ^*alumen  exsiceatwn^'*  of  the  Pharma^ 
copoeta;  aviolent  heat  separates  a  great  part  of  its  acidi 
Considerable  difierences  exist  in  the  statements  whic^ 
fattve  been  given  of  the  composition  of  Alum^  as  well  as 
of  the  state  of  combination  in  which  the  potass  and 
flttlphuric  acid  exist.  Mr.  Phillips  considers  alum  as 
being  composed  of  1  atom  of  bi«sulphate  of  pptass-f-S 
atoms  of  sulphate  of  alumina,  4*  SS  atqins  of  water; 
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ivhereas  Dr.  Thomson  does  hot  admit  that  bi-salphate 
of  potass  exists  at  all^  but  that  alum  is  constitilted  of  1 
atom  of  sulphate  of  potass  4*  3  atoms  of  sulphate  of 
alttmiiia4-^  atoms  of  water.  There  is  -also  an  onr- 
fnofdacal  aium^  in  which  ammonia  is  substituted  for 
potass;  and  a  soda  a/vm,  the  form  and  taste  of  whidi 
resemble  the  common  variety. 

Metallic  Salts. 

S37.  These  are  either  soluble  in  water,  from  which 
they  are  precipitated  by  hydro*sulphuret  of  potass ;  or 
insoluble,  but  fusible  with  borax  into  a  cc^oured  g^aaa^ 
or  with  charcoal  into  a  metallic  button. 

Salts  of  Arsenic^  or  Arsenical  Salts. 

838«  *  As  the  metallic  oxide  in  these  compound^ 
performs  the  functions  of  an  acid,  we  have  alkaUne, 
earthy,  and  metallic  salts  of  Arsenic.  We  have  more- 
over two  classes  of  such  salts;  the  one  termed  Arse* 
niteSf  in  which  the  metal  is  in  its  lowest  state  of  ou- 
dizonent,  constituting  Arsemoms  acid ;  the  other  called 
ArsesiiateSy  in  which  it  is  in.  its  highest  state  of  osi- 
dizement,  or  in  that  of  Arsenic  acid.  With  the  fixed 
alkalies  the  Arsenious  acid  forms  thick  Arsenitet^ 
which  are  not  crystallizable,  but  are  easily  soluble. 
They  are  decomposed  by  heat,  and  by  all  the  acida  • 
the  former  volatilizing,  the  latter  precipitating,  the 
arsenious  acid.  With  ammonia  it  fonns  a  salt  ci^bla 
of  crystallization;  it  is,  however,  very  easily.  decom« 
posed  by  a  gentle  heat,. when  nitrogen  is  evolved,  while 
th^.  hydrogen,  uniting  with  part  of  the  oxygen  of  the 
acid,  forms  water.  The  Ar seniles  of  Idmcj  baryiis^ 
strontia,  and  magnesia,  are  difficultly  soluble.  These 
salts  inay  be  all  formed  by  boiling  the  acid  in  the  alka* 
line  or  earthy  solutions.    The .  metallic  ArsesUtes  are 
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best  formed  by  mixing  solutions  of  the  alkaline  arse- 
nites  with  the  metallic  salts.  Arsenite  of  potass,  for 
instance,  produces  a  white  precipitate,  or  Arsenite,  with 
the  white  salts  of  manganese;  a  dingy  green  one  with 
the  solutions  of  iron ;  a  white  one  in- solutions  of  zinc 
and  tin ;  mixed  with  a  solution  of  sulphate  of  copper, 
a  precipitate  of  a  fine  apple-green  colour  falls,  called 
from  its  discoi^erer  Scheelc^s  Green.  In  the  solutions 
of  lead,  anti^iony,  and  bismuth,  it  forms  a  white  pre^ 
cipitate^'  With  nitrate  of  silver,  a  yellow  arsenite  which 
is  very  soluble  in  ammonia.  All  these  respectiYe  Arse* 
nites^  when  heated  by  a  blow-pipe  on  chi^rcoal,  ^iphale 
the  alliaceous  smell  peculiar  to  Arsenic, 
.  839.  The  Aaseniates  difier  essentially  from  the 
Arsenites;  They  are  all,  with  the  exception  of  the 
alkaline  arseniates,  insoluble  in  water;  but  most  of 
them  become  soluble  by  an  excess  of  arsenic  acid* 
Phosphoric,  nitrip,  and  muriatic  acids  dissolve,  and 
probably  convert  into  sub*salts,  all  the  arseniates.  The 
whole  of  theni,  when  decomposed  at  a  red  l^eut  with 
charcoal,  yield  the  characteristic  smell  of  garliCf 

840.  A&sbkiate  or  Potass  may  be  formed  by  de^ 
tonatiiig  i|i  a  crucible  a  mixture  of  arsenious  acid  and 
nitre;  it  cvyslalUxes  in  four^sided  prisms,  terminated 
by  very  shprt  four-tsided  pyramids.  It  is  soluble  in 
about  five  times  its  weight  pf  cold  water.  The  Arse^ 
ftiie  of  soda  is  only  half  as  soluble  a3  the  preceding  salt, 
and  the  lii^uid  has  ajkaliqe  properties,  fmd  when  dropped 
into  most  earthy  and  metallic  salts  occasions  precipi* 
tates.  The  metallic  arseniates  difier  in  colour  from  the 
.arsenites  of  the  same  metals;  with  nitrate  of  silver,  for 
instance,  an  alkaline  arseniate  forms  a  brick-colourecl 
precipitate;  with  sulphate  of  copper,  a  bluish  green 
#ne,  &c. 
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841.  They  are  soluble ;  colourless;  not  precipitated 
by  any  metal,  nor  by  infusion  of  galls ;  but  are  preci- 
pitated white  by  alkalies,  (in  the  state  of  hydrated 
oxide)  and  by  ferro-cyanate  of  potass,  and  sulphuretted 
hydrogen. 

842.  Sulphate  of  Zinc.  White  Vitriol.  This 
metal  is  readily  oxidized  and  dissolved  by  dilute  sul* 
phuric  acid,  hydrogen  gas  is  given  off  (454)  and  a 
colourless  solution  of  sulphate  of  zinc  results,  which, 
by  evaporation,  affords  crystals  in  the  form  of  four- 
sided  prisms,  terminated  by  four-sided  pyramids.  This 
salt,  however,  is  prepared  in  the  large  way  from  some 
varieties  of  the  native  sulphuret;  the  ore  is  roasted, 
wetted  with  water,  and  exposed  to  the  air,  by  which 
means  it  undergoes  the  process  of  sulphatization  (7S8). 
The  solution  thus  obtained  is  evaporated,  and  run  in- 
to moulds.  The  crystals  of  this  salt  are  colourless, 
usually  very  small,  and  not  readily  distin^ishable 
from  those  of  sulphate  of  magnesia;  the  salt  has  a  dis- 
agreeable metallic  taste ;  is  not  altered  by  exposure  to 
air;  but,  if  moderately  heated,  loses  its  water  of  cry- 
stallization, and  when  subjected  to  a  high  temperature 
is  entirely  decomposed,  the  acid  being  expelled,  and 
the  oxide  only  remaining;  it  is  soluble  in  8  f  its  weight 
of  water  at  6(F,  and  much  more  so  at  21S^.  It  is  com- 
posed of  1  atom  of  acid=40-4-l  of  oxidezr48,  vnth 
6  atoms  of  water =54;  its  equivalent. number  is  there- 
fore 136. 

843.  Carbonate  of  Zinc  may  be  formed  by  ad- 
ding carbonate  of  potass  to  sulphate  of  zinc.  It  occurs 
also  native,  forming  one  of  the  varieties  of  the  mineral 
called  Calamine.  It  consists  of  1  atom  of  carbonic  acid 
=22-1-1  of  oxide=42;  its  number  therefore =64. 
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Salts  cf  Irofiy  or  Chalybeate  Salts. 

844.  They  are,  for  the  most  part,  soluble  in  water, 
and  the  solution  is  reddisk  brown,  or  becomes  so  by 
exposure  to  air ;  it  affords  a  blue  precipitate  with  ferro- 
eyanate  9f  potass,  or  which  will  bjscome  so  by  exposure 
¥>  air ;  and  a  black  precipitate  with  hydro-sulphuret  o£ 
aiBmonia,  lofiisioti  of  gall  nuts  produces  a  black  or 
deep  purple  precipitate. 

845.  Sulphate  of  lB.oN,-^Crrctfn  Vitriol/  Cop^ 
peras.  This  salt  is  prepared  on  the  large  scale  by  ex- 
posing roBflled  Pyrites  to  moisture  (738).  When  nie-» 
tallic  iron  is  acted  upon  by  dilute  sulphuric  acid,  the 
water  is  decomposed,  the  hydrogen  eyobred,  and  the 
oxygen  united  with  the  metal  so  as  to  form  a  protoxide^ 
which  immediately  combines  with  the  sulphuric  acid, 
and  constitutes  sulphate  cf  iron,  or  proto^sulpkate  of 
iratiy  which  is  obtained  in  the  form  of  rhombic  prisms 
by  eY&ponJdon  of  the  solution.  These  crystals  have  a 
strong  styptic  taste;  redden,  vegetable  blue  colours; 
and  are  soluble  in  about  two  parts  of  cold,  and  in 
three-fourths  their  weight  of  boiling  water,  but  are  in- 
soluble in  alcohol.  When  exposed  to  a  moist  atmos* 
phere  they  become  encrusted  with  a  brown  substance, 
consisting  of  a  salt  composed  of  peroxide  of  iron  and 
sulphuric  acid;  and  which,  being  soluble  in  alcohol, 
may  be  remoyed  by  washing  in  spirit.  When  the  crys« 
nds  of  the  protOoBulphftte  are  moderately  heated,  100 
parts  lose  40  of  water,  and  the  residue  consists  of  1 
atom  of  sulphate -|-1  atom  of  water.  Distilled  at  a 
stronger  heat,  they  are  decomposed,  and  yield  sul<« 
phuric  acid  (628).  According  to  Berzelius  this  salt  is 
composed  of  1  atom  of  sulphuric  acid =40,  1  of  pro« 
toxide  of  iron=d6,  and  7  atoms  of  waters:  63.  Its 
equivalent  number  is  therefore  139.    When  a  solution 
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of  this  proto-si:(lphate  i^  heated  with  access  of  air,  pari 
of  the  protoxide  passes  to  the  state  of  peroxide,  and, 
combining  with  a  portion  of  acid,  falls  down  in  the 
form  of  a  yellow  powder  which,  according  to  Beive« 
Kus,  is  a  sulphate  of  the  peroxide,  with  excess  of  base, 
or  a  sub^peT'Sulphate.  This  eflfect,  indeed,  in  a  slight 
degree  takes  place  on  dissolving  the  salt  in  comnK>n 
water,  the  atmospheric  air  contained  in  which  per^ 
oxidizes  the  iron,  and  produces  a  turbid  solntion, 
whence  this  salt  otkrs  the  means  of  detecting  free  oxy- 
gen in  aqueous  fluids.  For  this  reason,  whenever  the 
salt  is  administered  for  medical  purposes  in  solution, 
the  water  ought  to  be  preyiously  boiled  in  order  to 
exp)el  the  air. 

^  846.  Other  sulphates,  with  a  base  of  per-oxide  of 
iron,  have  been  formed,  and  which  from  their  atomic 
composition  have  been  termed  per^bi'SulptuUcy  and 
per-quadri'Sulphaie ;  but  no  sulphate  of  the  pro^ 
toxide  with  excess  of  acid  has  been  hitherto  dis-i 
covered* 

847.  By  boiling  the  green,  or  proto^ulphate,  in 
nitric  acid,  and  evaporating  the  solution  to  dryness, 
taking  care  that  the  heat  does  not  rise  so  high  as  to 
expel  the  acid,  we  shall  obtain  a  mass,  from  whicl| 
water  will  extract  a  salt  composed  of  sulphuric  acid, 
and  the  peroxide  of  iron ;  the  solution  has  a  yellowish 
colour,  and  does  not  afford  crystals ;  but  when  evapo-; 
rated  to  dryness,  forms  a  deliquescent  mass,  which  is 
toluble  in  alcohol,  by  which  it  may  be  separated  from 
the  protorsiilphate.  This  salt  has  been  commonly 
termed  oxy^sulphate^  but  its  more  legitimate  name 
would  be  sulphate  of  peroxide  of  iron^  or,  for  the  sake 
of  brevity,  peV'Sulphate  of  iron.  It  is  constituted  of 
1  \  atom  of  sulphuric =60 -f-1  of  per-oxide  of  iron^ 
40;  itsf  equivalent  therefore  =:  100. 
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848.  Carbonate  of  Iron.  We  are  acquainted 
only  with  one  carbonate  of  iron,  and  that  consistfl  of 
1  atom  of  the  protoxide  =  36,-1^1  atom  of  carbonic 
acid  =r  82.  It  is  therefore  strictly  speaking  a  Proto^ 
carbomUe.  The  combination  is  best  effected  by  ming- 
ling the  solutions  of  proto-sulphate  of  inon  and  car- 
bonate of  potass,  when  a  double  decomposition  will 
Cake  place;  the  sulphuric  acid  of  the  sulphate  of  iron 
combines  with  the  soda  of  the  carbonate,  while  the 
oxide  of  the  sulphate  of  iron  unites  with  the  carbonic 
acid  separated  from  the  soda.  The  sulphate  of  soda 
remains  in  solution;  but  the  carbonate  of  iron  being 
insoluble  is  precipitated,  and  may  be  separated,  and 
dried  with  a  gentle  heat.  Such,  however,  is  the  eager- 
ness with  which  the  protoxide  of  iron  combines  with 
an  additional  dose  of  oxygen,  that  it  is  impossible  to 
obtain  a  perfect  carbonate  by  these  means;  during  the 
act  of  desiccation,  a  portion  of  the  iron  becomes  per- 
oxidized,  and  carbonic,  acid  escapes,  for  a  solid  per* 
carbonate  of  iron  does  not  exist.  The.  Ferri  Sub" 
carbon  as  of  the  Pharmacopoeia  is  a  mixture  of  the  car- 
bonate, and  peroxide  of  iron. 

849.  Muriates  of  Iron.  There  are  two  distinct 
muriates  of  this  metal ;  the  one,  in  which  the  iron  is  in 
the  state  of  protoxide,  being  a  proto^muriaie  /  the 
other,  io  which  the  iron  exists  as  a  per-oxide,  being  a 
peT'tnuriaie ;  the  former  is  green,  the  latter  red ;  both 
^re  deliquescent  and  uncrystallizable.  The  green  mu- 
riate is  convertible  into  the  red  by  simple  exposure  to 
the  atmosphere.  If  these  salts  be  evaporated  to  dry- 
ness, they  are  decomposed,  the  proto-muriate  becoming 
fhloridcy  and  the  per-muriate,  per^hloride  of  iron. 


45ft  NUratet^f  Bismuth.    PtarlWhUe. 

Salt$  of  Bismuth, 

S&O.  '  These  aalts  have  been  irery  inpeiftctly  ex* 
amined ;  tbey  praaent,  however^  but  few  points  of  in- 
tevest  to  the  medical  siwdent.  Their  soIiHmhis  afe 
eoloucleis,  am  preeipitafted  white  by  watery  by  in&sioo 
of  gaUs  orange,  and  by  faydro^salphnreta,  black. 
'  851.  Nitrate  OP  Bismuth.  If  pieces  of  metWttic 
bismuth  be  added  to  nkric  acid,  a  aolution  will  be  ob« 
tained,  from  whieh  the  nitrate  will  crystalliza  in  wtuH 
four^sided  fNrisms  ^  when  added  to  water  it  is  decom- 
posed, •  and  -a  while  substance  is  precipitated,  wUdi 
osttstitutes  the  well  known  pigment  called  Mtkgisterjf 
of  Btemuih,  or  Pearl  White,  it  consists  of  hydrated 
oxide  of  bismuth  Mrith  a  small  proportion  of  nithc  acid ; 
and  the  super-iiatant  liquid  consists  of  solution  of  bis* 
muth  with  great  excess  of  acid.  The  precipitate  is 
now  employed  in  medicine  under  the  title  of  Bismuiki 
Sub'fiitras/  it  is  soluble  to  a  considerable  extent  in 
pure  ammonia,*  but  not  so  laigely  in  pure  fixed  alkalies. 
By  sulphuretted  hydrogen,  and  the  vapoura  of  potre* 
fying  animal  substances,  it  is  blackened  (6S9.6). 

Salts  of  Ck^peTy^'^^preous  Salts* 

85S.  These  salts  are  neariy  all  soluble  in  water,  and 
of  a  blue  or  green  colour.  Ammonia,  when  added  in 
excess  to  the  solutions,  produces  a  compound  of  a  yeiy 
deep  blue.  Hydro*sulphuret  of  ammonia  throws  down 
a  black  precipitate ;  and  when  a  plate  of  polished  iron 
is  plunged  into  a  liquid  salt  of  copper,  the  copper  is 
precipitated  in  a  metallic  form. 

853.  Sulphate  of  Copper.  Blue  Vitriol.  If  the 
peroxide  of  copper  be  treated  with  sulphuric  acid,  we 
shall  obtain  from  the  solution  a  crop  of  crystals  of  a 
very  beautiful  blue  colour,  the  composition  of  which 
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has  been  ascertained  to  be.  bi^per*sulpkate^  coneieting 
of  1  .atom-  of  per-oxide  of  copper  =r  80 -^9  atoms  of 
sulpharic  acidir:  80-)-  U^  atoms  of  water  =:  90 ;  making 
its  representatiTe  number  rr  960;  or,  exclusive  of  water 
of  crystallization=rl60.  This  salt  is  soluble  in  four 
parts  of  water  at  60°y  and  the  solution  is  decomposed 
by  pure  and  carbonated  alkalies ;  the  former,  however, 
redissolre  the  precipitate ;  if,  for  example,  we  add  pure 
ammonia  to  the  solution,  a  precipitate  occurs,  but  on 
a  farther  addition  of  the  alkali,  it  is  redissohred,  and 
a  liquid  of  a  beautiful  bright  blue  colour,  results.  If 
the  precipitate  produced  in  the  first  instance  be  ex- 
amined it  will  be  found  to  be  a  sub'Sulphate^  the  same 
salt  is  also  thrown  down  by  the  fixed  alkalies ;  it  con- 
sists, exclusive  of  water,  of  1  atom  of  acid -{-9  atoms  of 
peroxide.  This  salt  is  present  in  the  Cuprum  AmfnO" 
niatum  of  the  Pharmacopceia. 

854.  Dr.  Thomson  has  also  described  a  quadri'SuU 
pkate,  consisting  of  1  atom  of  base -f- 4  of  acid.  No 
proto-sulphate  has  been  hitherto  discovered. 

855.  Carbonate  of  Copper,  is  produced  by  the 
exposure  of  the  metal  to  a  damp  air ;  or,  artificially, 
by  the  addition  of  a  carbonated  alkali  to  a  solution  of 
copper.  It  consists  of  1  atom  of  peroxide  =:  80-)- 1 
atom  of  carbonic  acid  =  99;  making  its  equivalent = 
109;  but  in  this  state  it  must  be  considered  anhy' 
drous;  in  its  usual  form  it  contains  an  atom  of  water^ 
which  will  make  its  number=:lll.  Verditer  is  the 
blue  precipitate  produced  by  adding  carbonate  of  lime 
to  a  solution  of  nitrate  of  copper. 

856.  Muriates  of  Copper.  There  is  a  proio* 
muriate^  and  per^muriatey  or  rather  bi-per-muriate^  of 
this  metal ;  the  former  is  produced  by  exposing  plates 
of  copper  to  the  action  of  muriatic  acid ;  it  consists  of 
1  atom  of  protoxide  -f- 1  atom  of  acid ;  the  latter  is 
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obtained  by  diflsolving  the  peFoxIde  in  marialie 
By  evaporating  these  respective  muriates  to  dryaesg 
they  are  converted  into  correeponding  chlcmdes^  vis. 
the  proto-muriate  into  proto->chloride,  and  the  per- 
muriate  into  per-chloride. 

857.  NiTKATB  OF  Copper.  This  salt  is  obtained 
by  the  action  of  dilute  nitric  acid  on  the  metal  (580), 
jthe  solution  yields  prismatic  crystals  of  a  fine  bhie 
colour ;  if  these  crystals  be  gently  heated,  a  portion  of 
the  acid  is  driven  off,  and  a  sub^nitrate  remains. 

SaHs  of  Lead.    Saturnine  Sahs. 

$58.  Som^  of  these  are  soluble ;  others  insoluble. 
The  former  have  a  sweetish  austere  taste,  and  are  cha- 
racterized by  the  white  precipitate  produced  by  fenro* 
cyanate  of  potass ;  the  brown,  by  hydro-isulphuret  of 
^immonia ;  and  the  yellow,  by  hydriodate  of  potass. 
The  latter,  or  insoluble  salts,  ^e  dissolved  by  soda 
and  potass,  and  by  nitric  acid,  when  the  metal  is  ren* 
dered  manifest  by  sulphuretted  hydrogen.  Heated  by 
the  blow-pipe  upon  charcoal,  they  afford  a  button  of 
metal, 

859.  NtTfiATE  OF  Lead  is  obtained  by  dissolving 
the  metal  in  dilute  nitric  acid,  and  evaporating  the 
solution.  It  crystallizes  in  tetrahedral  or  octohedral 
crystals,  which  are  soluble  in  about  7|  parts  of  boiling 
water  without  decomposition.  They  contain  no  water 
of  crystallization,  and  consist  of  1  atom  of  yellow  pro* 
toxide  ==  112  -4"  1  atom  of  nitric  acid  =  54;  its  equi- 
valent number  being  166.  A  Sub-nitrate  may  be 
formed  by  boiling  a  mixture  of  equal  weights  of  nitrate 
ai>d  protoxide  of  lead  in  water,  filtering  while  hot,  and 
setting  it  by  to  crystallize ;  it  forms  pearly  crystals^ 
and  consists  of  2  atoms  of  protoxide  ==112x2=224 
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*|-one  atom  of  nitric  acid =54;  so  that  its  equivalent 
numbers:  278. 

860.  Carbonatb  of  Lead.  White  Lead.  This  is 
produced  by  adding  an  alkaline  carbonate  to  a  solution 
of  the  nitrate  of  lead.  It  is  tasteless,  and  insoluble  in 
water ;  but  soluble  in  alkalies.  It  consists  of  1  atom 
of  protoxide  =r  112 -f-1  atom  of  carbonic  acid =22. 
Its  representative  number  therefore  is  1S4. 

Salts  of  Mercury .    Mercurial  Salts. 

861.  Some  of  the  salts  of  mercury  are  soluble; 
others  insoluble.  The  former  furnish  white  precipi-* 
tates  with  ferro«cyanate  of  potass,  and  black  ones  with 
sulphuretted  hydrogen.  A  plate  of  copper  immersed 
into  their  solutions,  occasions  the  separation  of  metal- 
lic mercury.  The  latter  are  volatile  at  a  red  heat ;  and, 
if  distilled  with  charcoal,  afford  metallic  mercury. 

862.  Sulphates  of  Mercury.  The  sulphuric 
acid  does  not  act  upon  this  metal,  unless  it  be  weH 
concentrated  and  boiUng.  For  this  purpose,  mercury 
is  poured  into  a  glass  retort  with  about  twice  its  weight 
of  sulphuric  acid.  As  soon  as  the  mixture  is  heated,  an 
effervescence  is  produced,  and  a  portion  of  the  acid  is 
decomposed,  and  resolved  into  sulphurous  acid'  and 
oxygen;  the  former  being  dissipated  in  the  gaseous 
state,  the  latter  combines  with  the  mercury  and  con« 
verts  it  into  peroxide,  and  this  uniting  with  the  un« 
decomposed  acid  forms  a  8uper*>sulphate,  or,  more 
correctly  speaking,  a  bi^  per  •sulphate  of  mercury., 
When  tlie  resulting  mass  is  evaporated  to  dryness,  and 
then  acted  upon  by  water,  we  obtain  two  distinct  salts; 
the  bi^per^sulphate^yiYAcYi  affords,  by  evaporation,  small, 
ftcicular  crystals ;  and  the  per*sulphate^  an  insoluble 
substance,  which  on  being  well  washed  immediately 
assumes  a  bright  lemon  colour,  and  was  formerly  call- 
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ed  Turpeth  Mineral*  Tlve  former  of  these  sidu  con- 
sists  of  two  atoms  of  sulphuric  acid  =:  80,  and  one 
atom  of  peroxide  of  mercury  =  216;  making  itvequi- 
Yalent=:296.  The  latter  cotusists  of  one  atom  of  each 
constituent ;  its  number  therefore  is  (216^40)  =356. 
There  is  besides  a  ProtO'Sulphate  of  mercwry,  con- 
sisting of  one  atom  of  the  protoxide-^  one  atom  of  die 
acid.  This  is  formed  by  boiling  mercuvy  in  its  weight 
of  sulphuric  acid,  and  washing  with  cold  vrater  the  de- 
liquescent mass  so  obtained,  when  the  abo¥e  salt  will 
be  separated,  which  is  white,  and  nearly  insoluble, 
requiring,  for  its  solution,  nearly  500  parts  dT  water. 
It  crystalliees  in  prisms.  Its  representative  number  ib 
(208+40)  248. 

863.  Muriates  of  Mercury.  Under  these  terms 
hare  been  comprehended  two  of  the  most  important  of 
the  class  of  mercurial  salts,  commonly  known  by  the 
names  of  Corrosive  Sublimate  and  CalomeL  Before 
the  views  respecting  the  composition  of  muriatic  acid, 
were  developed  by  Sir  H.  Davy,  Corrosive  Subiisaate 
was  considered  as  a  compound  of  Muriatic  acid,  and 
peroxide  of  Mercury ;  and  was  accordingly  named 
Oxjf 'muriate  of  Mercury,  which  is  synonymous  with 
the  less  objectionable  term  Per^muriate.  Calomel  wsa 
regarded,  as  a  combination  of  the  same  acid  with  the 
protoxide  of  mercury,  and  was  improperly  called  Stfi- 
muriate;  for  whether  we  s^iply  the  term  &sb  to  denote 
atomic  composition,  or  chemical  qualities,  it  is  equally 
inapplicable  to  Calomel,  which,  in  every  sense  of  the 
word,  is  a  neutral  salt.  It  is  true  that  less  muriatic 
acid  enters  into  its  composition,  than  into  that  of 
Corrosive  Sublimate,  because  the  protoxide  of  mer- 
cury requires  less  than  the  peroxide  for  its  saturation. 
These  salts,  however,  are  now^more  justly  considered 
as  compounds  of  Chlorine  and  Metallic  Mercury,  dif- 
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fering  from  each  other  only  in  the  proportions  of  their 
elements.  Nevertheless,  in  explaining  their  aatiwei 
and  the  processes  by  which  they  are  formed, .  it  will  h^ 
advantageous  to  state  both  theories* 

864.  Corrosive  Sublimate.  Oxy^muriate  of  Mer^ 
curi/,  or  Bi'Chloride  of  Mercury.  If  we  bring  a  stream 
of  chlorine  in  contact  with  boiling  mercury,  the  me- 
tallic vapour  will  bum  with  a  beautiful  green  flame, 
and  corrosive  sublimate  will  sublime.  In  this  case^ 
according  to  the  theory  which  regarded  chlorine  as 
oxy-muriatic  acid,  its  oxygen  combined  with  the 
metal,  and  the  liberated  muriatic  acid  then  united 
with  the  peroxide  and  formed  a  per-muriate,  oroxy- 
muriate  of  mercury  ;  but  according  to  the  latter  views, 
the  two  elements  at  once  unite,  and  form  a  bi-chloride 
of  mercury.  This  body,  however,  is  never  prepared 
by  direct  combination,'  but  by  a  process*  founded  on 
the  laws  of  double  affinity.  •  Bi-per-sulphate  of  mer^ 
cury,  formed  by  the  process  already  described,  (869) 
is  rubbed  with  common  salt,  in  an  earthen  mortar^ 
the  mixture  is  then  introduced  into  a  glass  cucurbit, 
or  subliming  vessel,  and  subjected  to  a  gi*adually 
raised  heat,  by  which  the  salt  tinder  examination  is 
formed  and  volatilized.  According*  to  the  form^ 
theory  the  mixture  acted  upon  consists  of  muriate*  of 
«oda  and  sulphate  of  mercury,  the  elements  of  which 
are  mterchanged,  giving  rise  to  Oxt/^muriate  of  Met' 
cury^  and  Sulphate  of  soda;  the  former  of  which  bcf- 
ing  a  volatile  compound  rises  in  vapour,  and  is  con- 
densed on  the  upper  part  of  the  vessel.  According 
to  the  latter  theory,  common  salt  consists  of  Chlorine 
and  Sodium;  when  therefore  this  compound  is  acted 
upon  by  the  sulphate  of  mercury,  the  Sodium  unites 
with  the  oxygen  of  the  metallic  oxide  and  forms  soda, 
which  combines  with  the  sulphuric  acid,  and  produces 
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Sulphate  of  soda^  while  the  chlorine  combines  with 
the  metallic  mercury,  thus  reviTed,  and  constitutes  Bi" 
chloride  of  Mercury.  According  to  the  old  theory 
this  salt  is  a  Bi-per^muriate^  and  consists  of 

Muriatic  acid 20*58,  or  8  atoms  of  acid  . . .  =    56* 

Peroxideof  Mercury.  79-48  —  I peroxide  =  816 


100*  Weight  of  its  atom  =  878 

If  considered,  according  to  tl^  modem  theory,  as  a 
Bt'Chloridcy  it  consists  of 

Chlorine 86*48,  or  8  atoms  of  €1ilorinec=:    78 

Mercury ^3*52   —  1  Metal. .=:  800 

Weight  of  its  atom=  878 

865.  Corrosive  Sublimate  occurs  in  a  white  semi« 
transparent  crystalline  mass ;  its  specific  gravity  is  5*8 ; 
its  taste  is  nauseous  and  acrid,  leaving  in  the  mouth  a 
permanent  metallic  flavour.  Water,  at  60""  dissolves 
rather  more  than  l-30th,  and  boiling  ivater  l-3rd  of 
its  weight.  According  to  the  experiments  of  Dr. 
Davy,  light  has  no  action  upon  this  salt  in  its  solid 
state,  but  partially  decomposes  its  solution,  and  cah' 
melf  or  proto  -  chloride  of  mercury,  is  precipitated* 
From  this  solution,  the  fixed  alkalies,  and  lime  water, 
throw  down  a  precipitate  of  red  oxide ;  ammonia,  a 
white  one,  which  is  a  triple  compound  of  the  acid, 
metallic  oxide,  and  alkali,  and  is  identical  with  the 
White  Precipitate  of  the  Pharmacopoeia.  Corrosive 
sublimate  is  much  more  soluble  in  alcohol,  ether,  muri- 
atic acid,  and  muriate  of  ammonia;  with  this  latter  body 
it  forms  a  double  salt. 

*  The  weight  of  an  atom  of  Chlorine  is  96 ;  and  if  we  regard 
this  body  as  a  compound  of  muriatic  acid  and  oxygen,  the  repre* 
aealMive  nombar  of  the  muriatic  acid  will  be  36— S«i88. 
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'.  866.  Pboto-chloeide  of  Msrcitrt.  Sub-inuriate 
of  Mercury.  *  Calomel.  This  salt  M  prepared  by  tri- 
turacing  the  sulphate  with  inetaHic  mercnrjy  until  the 
globules  of  the  latter  disappear;  common  salt  is  then 
added,  and  the  mixture  is  submitCed  to  heat  in  earthen 
vessels,  by  which  the  proto-chloride' is  formed  and  se- 
parated from  the  mass  by  sublimation  ;  it  is  afterwards 
ground  to  a  Hne  powder,  and  then  well  washed  with 
distilled  water.  If  we  consider  corrosive  sublimate  as 
a  bi-permuriate,  Calomel  must  be  regarded  as  a  proto- 

.muriate;  in  which  case,  the  former  is  converted  into 
the  latter  by  losing  half  of  its  acid  and  oxygen,  by  the 
affinity  of  the  metallic  mercury  for  these  bodies.  But 
if  we  concur  with  modem  chemists,  and  consider  cor- 

•  rosive  sublimate  as  a  bi-chloride,  the  changes  that  take 
place  during  its  conversion  into  calomel,  are  merely 
that  one-half  of  the  chlorine  unites  with  the  fresh  por« 
tion  of  mercury  added,  so  that  the  bi-cldoride  is  con- 
verted into  proio*chloride.  Regarded  as  a  Muriate^ 
Calomel  consists  of 

Muriatic  acid 1 1  *86  or  1  atom  of  acid  . . . .  =   S8 

Protoxide  of  Mercury  88*  14  — ^  1 of  protoxide  =  208 

100'..         Weight  of  its  atom  =236 

Considered  as  a  Proto-chloridey  it  is  composed  of 

Chlorine 15*25  or  1  atom  of  Chlorine.  =:    36 

Mercury 84*  75  —  1 of  protoxide  =  200 

100  * . .         Weight  of  its  atom  =  236 

867.  Calomel  is  inodorous,  insipid,  and  insoluble 
in  water;  its  specific  gravity  is  7*175;  by  the  long 
continued  action  of  light,  it  assufiies  a  dark  colour, 
owing  to  partial  decomposition.  It  i?  decomposed  by 
the  alkalies,  and  lime,  but  very  imperfectly  by  their 
carbonates.  By  nitric  acid  it  is  converted  into  eorro* 
live  sublimate.    By  the  action  of  the  alkalies^  a  prot- 

So 
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iMude  is  fleparated.  If  we  conauler  it  m  a  nmriaU^  the 
-exjdanation  of  the  decompoution  is  simply  that  the 
nuiriatic  »cid  has  a  greater  afimity  for  the  alkalies  dian 
for  the  protoxide,  in  consequenee  of  whicb  the  fiumer 
tiiute,  and  the  latter  is  excluded ;  but  if  we  regard  it 
as  a  proto-cbloride,  we  must  in  that  case  suppose  that 
water  is  decompoeed,  and  that  its  oxygen  is  transferred 
I  to  the  metal,  and  its  hydrogen  to  the  chlorine* 

8GB.  Nitrates  of  Msrcurt.  There  are  two  cUs- 
-tinct  nitrates  of  mercury ;  the  one  with  the  ptoCoxide, 
the  other  with  the  peroxide,  for  their  bases.  Dtbiled 
•nitric  acid,  by  acting  on  the  metal  in  the  cold,  pro* 
.daces. the  first;  strong  acid,  assisted  by  heat,  the  se- 
cond. The  solution  of  the  Proto^mtrate  yidds,  by 
evaporation,  large  transparent  crystals ;  it  does  not  be- 
come milky  when  mingled  with  water,  but  the  pure 
fixed  alkalies  and  ammonia  gire  a  greyish/-black  preci- 
pitate. The  solution  of  the  Per'nitrate  is  decom- 
.posed  by  water,  wJiich  precipitates  a  «iri-nitzate,  while 
a  super  salt  remains  in  solution.  If  the  nitmte  be  ex- 
posed to  heat,  it  loses  the  greater  part  of  its  add,  and 
is  converted  into  brilliant  red  scales,  commonly  called 
Red  Precipitate.  It  is,  properly  speaking,  a  nitroxide, 
for  the  peroxide  always  holds  combined  a  portion  of 
nitric  acid,  whence  this  preparation  is  more  active  than 
the  red  oxide  prepared  from  the  metal  by  heat. 

Salts  of  Silver. 

869.  The  soluble  sales  of  silver  are  recegnised  by 
furnishing  a  white  precipitate  with  muriatic  ncid,  whi<^ 
blackens  by  exposure,  to  light,  and  which  ia  readily 
soluble  in  ammonia ;  and  by  a&rdiag  n^etaUic  silver 
4»pon  the  immenuon  of  a  plele  of  cof^r..  The  saks 
in  water  are  soluble  in  liquid  aoMttPoia^  aad 
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when  heated  on  charcod,  before  the  blow-pipe,  they 
aflbrd  a  globnle  of  silver. 

870.    Nitrate  of  Silver.     Nitric  acid,  diluted 
with  two  parts  of  water,  readily  oxidizes  silver,  and 
then  dissolves  it,  and  forms  a  nitrate,  consisting  of  one 
atom  of  nitric  acid  =  54  -{-  1  atom  of  oxide  of  silver 
^  118,  making  the  weight  of  an  atom  of  the  salt  =  172. 
If  the  acid  employed  contain  the  least  portion  of  mu- 
riatic, the  solution  will  be  turbid,  and  deposit  a  white 
precipitate;  and  should  the  silver  contain  copper,  it 
will  exhibit  a  greenish  hue.    The  solution  of  this  salt 
is  caustic,  and  stains  animal  substances  a'deep  Uack^ 
hence  it  has  been  applied  to  the  staining  of  human 
hair.     By  evaporatron,  transparent  colourless  crystals 
may  be  obtained,  the  primary  form  of  which  is  a  right 
rhombic  prism.    The  crystals  of  this  salt  fuse  when 
heated,  and  when  cast  into  small  cylinders  ft  forms 
the  lunar  caustic  of  Pharmacy,  the  Argenti  NHras  of 
the  Pharmacopceia.     The  solution  of  nitrate  of  silver 
is  of  great  value  to  the  Chemist  as  a  test  for  muriatic 
acid  (S5S),  by  this  acid  the  nitrate  is  immediately  de- 
composed, and  a  chloride  of  silver  is  precipitated.  This 
effect  is  produced  by  the  operation  of  double  affinity ; 
the  hydrogen  of  the  acid  passing  to  the  oxygen  of  the 
oxide,  and  the  chlorine  uniting  with  the  silver.     Chlo- 
rine also  decomposes  nitrate  of  silver,  singly,  as  do  the 
solutions  of  chlorides  and  muriates  in  water.   The  chlo- 
ride thus  produced,  although  insoluble  in  water,  is 
very  soluble  in  ammonia ;  when  heated  in  a  silver  cru- 
cible it  does  not  lose  weight,  but  fuses ;  and  on  cool- 
ing, concretes  into  a  grey  semi-transparent  substance, 
which  has  been  called  Jlorn^siher,  or  Luna  Cornea. 
This  substance  has  the  property  of  absorbing  a  consi- 
derable quantity  of  aromoniacal  gas  (325,  note),  which 
is  again  driven  off  by  the  application  of  heat.     The 
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soluUon  of  nitrate  of  silver  is  also  decomposed  by  sul- 
phuric acid  and  its  salts,  which  produce  a  nearly  inso- 
luble Sulphate  of  Silver j  requiring  for  its  solution  90 
parts  of  ;v«rater  at  60^.  By  adding  carbonate  of  potass 
to  the  same  solution,  we  obtidn  an  insoluble  Carbonate 
of  Silver. 

Salts  of  Platinum. 

871.  These  have  been  but  little  examined. 

872.  Muriate  of  PiiATiNUM.  Nitro-muriatic 
acid  is  the  readiest  solvent  of  this  metal ;  and  we  ob- 
tain a  solution  which  is  of  use  to  the  Chemist  as  a  test 
for  the  presence  of  potass,  with  which  it  produces  a 
yellow  precipitate  soluble  in  water. 

873.  Sulphate  of  Platinum  is  formed  by  acidi- 
fying the  sulphuret  by  means  of  nitric  acid.  It  is  solu- 
ble in  water,  and  according  to  Mr.  E.  Davy  is  a  very 
delicate  test  for  gelatine. 
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ORGANIC  CHEMISTRY. 


874.  Although  the  substances  ivhich  we  have  now 
to  consider  are  the  products  of  the  Animal  and  Vege* 
table  kingdoms,  they  will  nevertheless  be  found  to  con- 
sist of  the  elements  of  common  matter,  and  might  there- 
fore, without  impropriety,  have  been  included  under 
the  history  of  inorganic  bodies.  They  dre,  however, 
distinguished  from  the  compounds  hitherto  described, 
by  the  increased  number  of  their  elementary  atoms^ 
and  the  delicately  balanced  affinities  by  which  they  are 
held  united ;  they  possess  therefore  a  greater  variation 
in  qualities,  with  a  less  permanent  or  stable  constitu^* 
tion ;  and  hence,  without  a  single  exceptfen,  they  are 
decomposed  by  high  temperature,  and  are  even  liable 
to  spontaneous  changes  from  the  reaction  of  their  prin- 
ciples on  each  other,  constituting  the  various  phaeno* 
mena  of  fermentation  and  putrefaction,  by  which  new 
compounds  arise  that  are  serviceable  to  fresh  processes 
for  the  support  of  animal  and  vegetable  existence ;  so 
that,  as  it  has  been  well  observed,  what  to-day  delights 
\is  in  the  fragrance  of  the  rose  may  at  a  future  season 
nourish  us  as  bread,  or  exhilarate  as  wine.  These  ob- 
servations, however,  apply  only  to  organic  bodies  whic^ 
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are  deprived  of  life,  for  the  control  of  this  myBlerioiu 
principle  is  paramount  to  all  the  powers  of  chemical 
affinity,  and  is  constantly  active  in  opposing  or  modi- 
fying them ;  nor  can  art  supply  any  thing  equivalent  to 
this  energy —  ^'  the  pov^ers  of  life,''  says  M.  Thenard^t 
^^  are  not  in  the  hands  of  man,  that  principle  once  lost, 
organization  soon  ceases,  and  is  only  subservient  to  His 
will,  from  whose  bounty  we  received  it ;"  and  if  we 
view  organic  products  in  their  passive  relations,  the 
complicated  proportions  of  their  elements,  and  the  un- 
known mode  of  their  union,  will  preclude  the  neces- 
sary conformation  of  our  results  by  synthesis.  For 
such  reasons  it  becomes  a  matter  of  convenience  to 
arrange  organic  products  in  separate  divisions  founded 
upon  their  natural  history. 

875.  From  the  peculiar  constitution  of  these  bodies, 
there  are  two  distinct  species  of  analysis  to  which  they 
may  be  subjected.  The  object  of  the  one  being  to  dis^. 
cover  their  elementary  composition,  or  the  uUimate 
principles  into  which  they  may  be  resolved ;  that  of  the 
other  to  investigate  the  secondary  compounds,  or  proxi* 
mate  principles,  of  which  they  more  immediately  con- 
sist. 

876,  The  Proximate  PrindpUs.  may  therefore  be 
defined  those  compounds  which  exist  ready  formed  in 
the  organized  body,  and  are  separable  from  it,  without 
farther  decomposition,  by-simple  processes  of  art.  ^y 
the  UUmate  Elements^  w«  understand  the  common 
elements  of  matter,  which,  by  combining  in  nicely  ad% 
justed  proportions,  give  origin  to  the  proximate  prin- 
eiples.  The  latter  may  therefore  be  compared  to  the 
letters,  the  former  to  the  syllables,  which  by  infinitdy 

ii«    .  I     ■»    «  »    m^tm-^m-^     lwiil»i.ii'  I.  ■■!■»<  -»  p..  >■ 

f  tite  an  fiaasy  on  Cfacnnical  AiiaJ>%i8«  ckiefly  toMslaAe^  Atom 
Uie  Fourtli  volume  of  the  TrwUt  de  Cbiniie  £Uid«iUuk  #f  L.  J. 
TticuujriU  b^  J.  G.  Childres,  £sq. 


Talriad  mixtures  and  combinations,  produce  tbe  ward$ 
Ihat  compoae  the  book  of  living  nature. 

877^  The  ultimate  elements  are  few  in  number  > 
yegelable  substaneee  seldconi  contain,  as  esaeittial^  more 
than  three, — Oxygen, — ^Hydrogen^-*«nd  Carbon ;  ao^ 
aometimefl  Aaote.  Animal  matters  generally  cont^n 
all  these,  but  with  a  much  greater  jNPoportion  df  the 
latter  principle*  It  is  true  that  Ume,  {Aosphorus,  se^ 
tearal  of  the*  metals,  and  the  two  fixed  aUodies,  eitlmr 
pure,  or  more  commonly  in  combination  with  some  of 
the  acids,  are  not  unfrequent  associates,  but  seldom  in 
any  considerable  proportions*  ^^  With  four  eleinents 
then,"  says  Mr.  Children,  (a  brief  alphabet  for  so  com* 
prehensive  a  history)  ^^  has  a  bountiful  Omnipotence 
composed  the  beautiful  volume  of  the  living  world." 

878*  Wore  we  to  assign  to  organic  products  a  place 
in  the  chemical  classification  of  bodies,  it  is  evident 
that  vre.  must  arrange  the  greater  number  of  those  oi 
vegetable  origiA  under  the  head  of  Ternary  O^tides  ; 
while  those  of  the  animal  kingdom  would,  for  the  most 
part,  fall  under  the  division  of  Quaternary  Oxides. 

Ultimate  Analysis  of  Organic  Bodies. 

879.  In  proceeding  to  the  ultimate  analysis  of  an 
organic  product,  we  can  rarely  expect  to  obtain  its 
elements  in  a  pure  and  insulated  state ;  on  the  con* 
trary^  we  shall  find  that  they  form  new  arrangements 
with  each  other,  and  appear  as  compounds,  which 
never  constituted  any  part  of  the  original  strutture. 
These  results  are  called  Products^  in  contradistinction- 
to  such  compounds  as  are  obtained  by  analysis  in  a 
state  identical  with  that  in  which  they  pre-existed  in  the' 
orgmiic  body,  and  which  are  therefore  termed  Educts. 

880..  For  a  long  period,  ultimate  analysis  was  an 
extremely  rude  and  imperfect  process ;  and  its  results 
necessarily  unsatisfactory  and  erroneous.     It  consisted 
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in  exposing  the  body  to  be  examined  to  detirucim 
distillationj  or,  in  other  words,  to  the  action  of  heat  in 
close  YesselS)  with  a  view  to  collect  the  products  |  from 
such  a  process,  little  could  be  expected,  except  some 
Tague  and  general  information ;  but  the  extent  and 
value  of  this  may  be  better  appreciated,  when  it  is 
stated  that  polsoqous  and  esculent  plants  were  found 
to  yield  the  same  results !  At  length  a*  gleam  of  light 
burst  upon  this  obscure  subject  from  a  new  method  of 
manipulation  proposed  by  Gay-Lussac,  and  Thenard. 
It'  consisted  in  distilling  the  subject,  in  contact  with 
some  body  that  contained  oxygen  in  so  loose  a  state  of 
combination,  as  to  be  driven  off  at  the  temperature  of 
ignition^  and  by  uniting  with  the  whole  of  the  carbon^ 
to  convert  it  into  carbonic  acid,  and  with  ^hat  of  the 
hydrogen^  to  generate  water.  Numerous  analyses  have 
been  already  conducted  upon  this  principle,  all  of 
which  conspire  to  prove  that  the  elements  of  organic, 
like  those  of  inorganic  matter,  are  united  in  definite 
proportions ;  and  farther,  that  the  law  of  simple  mtil* 
tiples  holds  strictly  with  respect  to  their  combinations. 
This  is  a  very  important  step  in  the  advancelnent  of 
these  researches,  as  it  enables  us  to  correct,  by  calcu- 
lation, the  errors  of  experiment,  and  to  estimate  the 
proportions  of  elements,  which  would  otherwise  re« 
quire  complicated  processes  for  their  discovery. 

881.  The  oxidizing  substance  first  employed  by 
Gay-Lussac  was  Chlorate  of  Potass ;  but  this  has 
been  superseded  by  Peroxide  of  Copper j*  which, 
being  found  to  afibrd  .more  accurate  results,  with  a 
less  complicated  appcuratus,  and  fewer  difficulties  of 
manipulation,  is  now.  universally  preferred,  especially 
in  the  aiialyais  of  animal  matter.  The  instruments 
employed  for  the  process  have  undergone  successive 
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*  Best  pre|>arcd  by  iguitiDs;  the  pure  uiUale  of  Ihib  metal. 
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improvements.  To  Dr.  Prout  we  are  indebted  for  an 
arrangement  Mrhich  enables  us  to  apply  heat  to  the 
tube  charged  with  the  object  of  analysis,  and  to  receive 
the  gaseous  products,  without  the  expense  of  a  large 
mercurial  cistem.t  In  this  apparatus  the  heat  is  ap- 
plied by  means  of  a  spirit  lamp,  which  Dr.  Ure  con* 
aiders  not  only  as  insufficient  but  too  limited  in  its 
action,  to  ensure  that  uniform  ignition  of  the  whole 
tube,  which  is  always  desirable  towards  the  close  of 
an  experiment.  He  therefore  prefers  a  charcoal  fur- 
nace. The  difficulty,  however,  has  been  lately  removed 
by  Mr.  Cooper,  who  has  invented  a  most  ingenious 
lamp,  containing  several  wicks,  disposed  at  intervals, 
so  that  by  kindling  and  extinguishing  any  number  of 
them,  the  intensity  as  well  as  the  locality  of  the  heat,* 
can  be  regulated  as  the  progress  of  the  experiment  may 
require.  It  would  be  inconsistent  with  the  plan  and 
object  of  this  work  to  enter  into  minute  detail,  I  shall 
therefore  rest  satisfied  with  presenting  the  student  with 
an  outline  of  the  most  improved  process,  and  of  the 
valuable  discoveries  which  have  followed  its  adoption. 
88S.  A  tube  of  crown  glass,  about  9  or  10  inches 
long,  and  S-lOths  of  internal  diameter,  having  a  syphon-' 
formed  end  for  introduction  under  mercury,  should  be 
employed  for  the  reception  of  the  materials  to  be  acted 
upon ;  from  three  to  five  grains  of  the  solid  matter, 
(which  should  "be  previously  well  dried  by  placing  it 
in  fine  powder  under  an  exhausted  receiver  (350)  along 
with  sulphuric  acid)  are  to  be  first  triturated  in  a  glass 
mortar,  and  then  mixed  and  again  well  rubbed  and 
thoroughly  incorporated  with  about  SOO  grains  of  the 
peroxide  of  copper.     This  mixture  is  then  to  be  trans-' 

fcrred  into  the  glass  tube,  over  which  20  or  30  grains 

11,1..        I      J  I        ' 

f  A  sketch  of  this  apparatus,  together  with  a  detailed  account 
of  its  mode  of  applicaiiou»  is  to  be  seen  in  Dr.  Henrj^'s  cxccllont, 
i»oi;k  oQ  Expcrliueatal  Chemibtry.    Edit.  9.  vol.  3.  p.  167. 
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gf  the  peroxide  may  be  placed ;  and  the  remainder  of 
the  tube  filled  with  perfectly  dry  amianthus.  Hea| 
may  now  be  applied  to  the  tube*  The  water  given  out 
will  be  absorbed  by  the  amianthus,  and  the  quantity 
will  be  announced  by  the  increase  of  its  weight.  The 
gaseous  products,  havii^  been  received  over  Mercuryi 
may  also  be  measured  with  the.  nicest  precision.  The 
whole  of  the  operation,  however,  will  require  the  mo6( 
scrupulous  care,  and  the  utmost  skill  of  manipulation^ 
An  embarrassment  may  also  arise  in  the  estimate  of  the 
quantity  of  water  formed,  from  the  fact  of  peroxide  of 
cof^r  rapidly  attracting  it  from  the  atmosphere  ;<  it 
should  therefore  be  exposed  for  some  time  after  its 
ignition  to  the  air,  and  the  increase  of  its  weight  accu- 
rately noted,  for  which  an  allowance  must  be  afler- 
wards  made.  The  same  difficulty  occurs  in  bringing 
the  various  organic  objects  of  research  to  a  state  of 
thorough  desiccation  before  they  are  mixed  with  the 
peroxide.  Dr.  Ure  therefore  proposes  to  expose  them 
also  to  the  air,  afler  having  made  them  as  dry  as  pos- 
sible, and  to  note,  as  in  the  case  of  the  peroxide,  the 
quantity  of  water  which  they  imbibe,  that  it  may  be 
allowed  for. 

883.  Such  being  the  mode  of  manipulation,  let  us 
inquire  into  the  results  which  are  produced*  If  the 
substance  submitted  to  experiment  consist  of  carbon 
and  some  incombustible  body ;  the  volume  of  carbonic 
acid  developed,  will  announce  the  proportion  of  the 
fi>rmer  ingredient;  for  this  purpose  we  have  first  to 
find  the  weight  of  the  carbonic  acid,  which  is  easily 
accomplished  by  the  rule  of  proportion,  since  100 
cubical  inches  will  weigh  46*5  grains,  at  a  mean  of  the 
barometer  and  thermometer.  Of  ^s  weight  six  parts 
in  8S  are  pure  carbon.  Let  us  next  su|^)08e  that  we 
are  operating  on  a  compound  of  carbon  and  hydrogen ; 
calculating,  by  the  same  method,  the  quantity  of  car- 


boo  wfaidi  it  contains,  we  have  only  to  deduct  this 
w&ffjtA  from  the  weight  of  the  body  under  ezperuneat, 
and  the  dijBTerence  will  give  us  that  of  the  remaining 
element,  hydrogen ;  at  the  same  time  the  quantity  of 
water  produced  should  be  ascertained,  of  which  one 
part  in  nine  is  hydrogen ;  if  the  esqieriment  has  been 
successfuUy  performed,  the  coincidence  of  these  results 
will  testify  the  highest  degree  of  accuracy.  But  we 
will  suppose  that  the  substance,  besides  hydrogen  and 
carbon,  contains  oxygen ;  in  this  case,  we  shall  find  on 
summing  up  the  results,  that  the  weight  of  the  carbon 
and  bydrogm  will  fall  short  <^  the  original  weight ;  if 
no  other  product  has  been  formed,  beside  water  and 
carbonic  acid,  the  deficiency  may  very  safely  be  placed 
to  the  account  of  oxygen ;  at  the  same  time  the  quan* 
tity  of  oxygen  lost  by  the  oxide  should  be  examined, 
which  in  such  a  case  would  fall  short  of  that  contained 
in  the  carbonic  acid,  and  in  the  water.  Should  Azote 
have  existed  in  the  body,  it  will  pass  over  in  a  gaseous 
state,  and  remain  after  the  carbonic  acid  has  been 
removed  by  a  solution  of  potass,  and  the  oxygen  by 
any  eudiometric  substance. 

884.  In  estimating  the  quantity  of  the  evolved 
gases,  it  must  be  remembered  that  they  are  saturated 
with. water,  for  this  an  allowaace  must  be  made  by 
means  of  a  formula  by  Dr.  Ure,  which  is  published  in 
the  Philosophical  Transactions  for  1818.  In  certain 
cases  where  the  quantity  of  hydr(^[en  is  small,  the  same 
distinguished  Analyst  employs  calomel  instead  of  per- 
oxide of  copier,  when  the  muriatic  acid  gas  obtained 
will  demonstrate  its  presence. 

885.  If  the  body  to  be  operated  upon  is  a  fluid^ 
Dr«  Ure  incloses  it  in  a  «audl  glass  bulb  capable  of 
holding  three  grains  of  water,  and  having  a  small 
pointed  orifice ;  having  first  expelled  the  air  by  heat, 
the  bulb  is  filled  by  immersing  its  orifice  in  the  liquid. 
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it  is  then  carefully  weigbed,  and  placed  at  the  bottom 
of  the  tube,  and  cohered  with  the  requisite  quantity  of 
peroxide  of  copper. 

886.  By  a  series  of  experiments  upon  diflferent  ye* 
getable  bodies,  conducted  upon  the  principles  above 
described,  M.  M.  6iiy*Lu8sac  and  Thenard  have  beeii 
enabled  to  estabKsh  some  general  views  of  great  im- 
portance, viz. 

I.  A  V^etable  substance  is  always  acidj  when  the 
oxygen  which  it  contains  is  to  the  hydrogen,  in  a  pro- 
portion greater  than  is  necessary  to  produce  water; 
or,  in  other  words,  where  the  Oxygen  is  in  excess. 

8.  A  Vegetable  substance  is  always  resinous j  oilyy 
or  alcoholic^  where  the  oxygen  is  to  the  hydrogen  in  a 
less  proportion  than  in  water,  or  where  there  is  an 
excess  of  Hydrogen. 

3.  A  Vegetable  substance  is  neither  acid  nor  resin- 
ous, but  saccharine,  mucilaginous,  &c.  where  the  oxy- 
gen and  hydrogen  enter  into  its  composition  in  the 
same  proportions  as  in  water,  or  where  there  is  no  ex* 
cess  of  either. 

887.  To  this  general  law,  however,  there  would 
appear  to  be  some  exceptions.  After  the  Proximate 
Principles  of  Vegetables  have  been  considered,  I  shaU 
introduce  a  table,  collected  from  the  best  authorities, 
to  exhibit  the  results  of  their  ultimate  analyses. 

Proximate  Principles  of  Vegetables. 

888.  These  principles  exist  in  vegetables  either  in 
a  state  of  mixture,  or  slight  combination,  and  are  ca- 
pable of  being  easily  separated  from  eikch  other.  Upon 
one  or  more  of  such  compounds  the  medicinal  virtues 
of  a  plant  depend ;  hence  the  great  importance  of  the 
analysis  of  vegetables  belonging  to  the  Materia  Medica, 
so  far  as  relates  to  their  proximate  principles;   the 
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knowledge  it  conveys  ewbling  us  tp  employ  them  with 
more  diseriminalion,  and  to  si^bmit  them  to  the  proper 
pharmaceatic  treatment. 

889.  The  proximate  principles  are  separable  finom 
the  yarious  plants  in  which  they  exist  by  processes 
adapted  to  the  circumstances  of  each  particular,  case. 
Sometimes  they  spontaneously  exude  from  the  grow- 
ing vegetable,  or  are  obtained  from  it  by  incisions 
made  in  its  trunk ;  this  is  the  case  with  several  gums 
and  resins ;  in  some  instances,  an  important  princqi'le 
is  separated  merely  by  heat ;  in  this  maimer,  essential 
oils,  camphor,  benzoic  acid,  &c.  may  be  obtuned  com- 
paratively pure.  In  other  cases,  the  separation  is  ef- 
fected by  different  solvents,  of  which  the  principles  are 
hot  and  cold  water,  alcohol,  sther,  and  a  few  of  the 
acids.  Several  of  these  principles,  when  thus  brought 
into  solution,  may  be  recognised  by  peculiar  chemical 
tests;  thus,  Starch  is  precipitated  blue  by  Iodine; 
Grallic  acid,  black,  by  the  salts  of  Iron ;  Gum,  in  a 
curdy  state,  by  sub-acetate  of  Lead,  &c.  By  such 
means  the  proximate  analysis  of  a  vegeuble  is  fre- 
quently conducted,  for  the  purpose  of  ascertaining  its 
composition,  or  of  extracting  from  it  some  principle 
that  may  be  rendered  subservient  to  useful  objects. 

890.  The  number  of  proximate  principles  which 
are  thus  capable  of  bemg  distinguished  and  separated 
from  each  other,  is  considerable ;  and  of  late  years  the 
list  has  been  very  greatly  extended.  They  may,  at 
present,  be  said  to  amount  to  upwards  of  forty ;  of 
which  the  following,  from  their  importance,  will  re- 
quire separate  consideration. 
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1. 

9.  C<^oiiriiig  Matter. 
S.  Gum. 
4.  Jelly. 
6*  Itestn* 

0»   StAFCu* 

7.  Gluten. 

8*  Albumen. 
9»  Sugar. 

10.  Tannin. 

Ct«irfdbMf9. 

11.  Bitter  Principle. 
19.  Fixed  Oils. 

IS.  Volatile  Oils. 


14.  Wax 

lA.  VegeCaMe  Aei4s« 


Game, 
MaUe. 
Otr«Jllr. 

Fru$9iCy  &c.  /fee. 

16.  Vegetable  Alkali 

Morphia^ 
Cinehonia, 

17.  Other  Principles. 

18.  Lignin. 


Vegetable  Extbactiye,  or  Extract. 

891.  The  existence  of  a  distinct  principle,  under 
this  name,  has  been  doubted  by  M.  Thenard,  Dr. 
Bostock,  and  Dr.  Ure ;  and  it  is  probable  that  flitur^ 
discoveries  may  resolve  it  into  other  known-  bodies. 
But  until  this  has  been  e&cted,  it  will  be  necessary  to 
consider  it  as  a  peculiar  ednet.  The  student  must, 
however,  be  careful  not  to  conibund  this  siupposed 
principle,  with  those  parts  of  vegetables  which  are 
soluble  in  water,  and  may  be  obtained  in  a  solid  foim 
by  evaporation.  These  latter  preparations,  which  in  the 
language  of  Pharmacy  are  called  Extrae(fy  must  ne* 
c^saiarily  be  mixtures  of  those  various  principles  which 
vrater  is  capable  of  separating  from  the  particular  plant 
submitted  to  the  operation.  Those  Chemists  who  have 
maintained  the  identity  of  this  principle,  have  exem- 
plified its  properties  by  a  substance  obtained  by  evi^po- 
rating  an  infusion  of  Saffiron,  prepared  with  boiling  dis- 
tilled water  at  a  temperature  below  218^.  It  is  said  to 
be  distinguished  by  the  following  characters.  It  is  s«lu- 
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ble  in  eold,  but  more  abundaatly  in  hot  wfll»r^  ftnd  the 
floliidon  IB  of  a  brown  colour ;  this  colour  is  heightened 
-by  alkelies ;  and  when  the  pure  solution  of  extractive 
is  so  diluted  as  to  be  deprived  of  coloufy  the  additiofL 
4)£  diese  latter  bodies  revive  it ;  so  that^  under  certain 
ciremnstanoes,  they  nuiy  be  emi^oyed  m  Tests  for 
detecting  its  presence.  It  is  insoluble  in  alcohol  and 
in  aether^y  but  it  is  soluble  ia  alcohol  containing  a 
soudt  portion  of  vrater.  Acids  precipitate  it  from  it» 
-watery  solution.  By  repeated  solutions  in  water,  and 
'etapoirationsy  it  acquires  a  deeper  colour,  and  becomes 
insoluble  and  comparatively  inert ;  this  change  Fourcroy 
attributed  to  the  absorption  and  fixation  of  oxygen. 
Saussure  considered  it  to  depend  upon  portions  of  its 
ozj^en  and  hydrogen  combining  so  as  to  form  water, 
and  consequently  leaving  an  increased  proportion  of 
•carbon;  the  former  opinion,  however,  appears  M  be 
the  most  probable.  Chlorine  would  seem  to  produce 
at  once  a  similar  change  upon  extractive*  When  the 
solution  of  this  princ^de  is  slowly  evaporated,  it  aiS>rds 
a  semi-transparent  mass ;  but  rapid  evaporation  renders 
it  perfectly  opaque ;  when  exposed  to  the  atmosphere, 
it  slowly  imbibes  water,  and  is  imperfectly  deliquescent. 
There  is  another  character  by  which  Esiraetwe  itaay 
be  distinguished ;  depending  upon  the  affinities  which 
it  exerts  to  alumina,  and  several  metalhc  oxides ;  the 
latter  of  which  precipitate  it  from  its  watery  solution, 
their  oxides  forming  with  it  insoluble  compounds.  We 
see  therefore  the  danger  of  introducing  such  bodies 
into  medicinal  prescriptions,  where  the  activity  of  the 
vegetable  ingredient  depends  upon  extractive. 

89S.  From  the  characters  above  described  it  miglic 
be  presumed  that  sufficient  evidence  of  its  existence, 
as  a  distinct  and  independent  proximate  princiirie,  had 
been  obtained;  but  in  pursuing  its  history  through 
the  series  of  plants  in  which  it  is  supposed  to  exist,  we 
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find  that  the  characters  thas  assigned  to  it  are  by  no 
means  uniform ;  indeed,  th^ne  "^would  appear  to  be 
almost  as  many  varieties  of  extract  as  there  are  spe- 
cies of  plants ;  the-  extractive  of  Saffron,  for  instance, 
which  is  considered  as  the  principle  in  its  least  equivo- 
cal form,  possesses  properties  which  are  not  to  be 
found  in  other  instances ;  it  is  capable  of  .assuming 
many  different  colours ;  its  natural  hue  is  yellow,  and 
its  aqueous  solution  becomes  colourless  by  the  ^tioa 
of  the  sun's  rays.  Sulphuric  acid  dropped  into  it  im- 
•parts  a  deep  indigo  blue ;  nitric  acid,  a  green ;  nitrale 
of  mercury,  a  rcfd ;  &c.  whence  Bouillon  la  Grange 
gave  itthe  name  of  Polyckroite.  "  It  may,  however, 
<be  doubted,"  says  Dr.  Henry, ''  whether  these  changes 
are  not  produced  in  some  substance  accompanying  the 
extract,  rather  than  in  the  extractive  matt^*  itself;'* 
and  it  is  by  no  means  improbable  that  the  other  modi- 
fications of  character  which  it  presents  may  dqiend 
upon  its  union  with  different  principles.  The .  inaolu- 
'bility  which  it  acquires  by  exposure  to  air  is  perhaps 
its  most  uniform  and  important  peculiarity,  and  H 
should  guard  the  pharmaceutic  chemist  against  sub- 
jecting medicinal  pltots  containing  it  as  an  essen- 
tial constituent,  such  for  instance  as  Senna,  Peruvian 
Bark,  &c.  to  those  operations  by  which  this  change  is 
liable  to  be  produced. 

Colouring  Matter. 

893.  It  is  a  question  of  great  doubt  whether  the 
colouring  matter*  of  vegetables  resides  in  a  particular 
proximate  principle,  different  from  any  other ;  it  would 
seem  to  present  a  too  great  variety  in  its  relation  to 


*  Aa  artificial  colouring  matter  may  be  made  by  d^estiag  so- 
lutions of  gall-nuts  with  chalk ;  a  green  fluid  is  obtained,  which 
becomes  red  by  the  action  of  an  acid ;  and  hat  its  green  colour 
restored  by  means  of  an  alkali. 
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chemical  agents,  to  render  such  an  opinion  probable ; 
from  some  substances  it  is  extracted  by  waiter;  from 
others,  by  alcohol  or  oil,  according  to  the  nature  qF 
the  basis  or  substratum,  in  which  it  resides.  It  is  in 
general  very  fugitive,  particularly  when  blue  and  red. 
The  yellow  colour  is  most  permanent. 

Gum. 

894.  The  first  transition  of  the  sap  of  plants  appears 
to  be  into  gum,  and  it  therefore  exists  very  abundantly 
in  the  vegetable  kingdom.  It  is  found  in  all  young 
plants,  in  greater  or  less  quantity;  and  is  often  so 
plentiful  as  to  be  discharged  by  spontaneous  exudation. 
It  abounds  also  in  -their  roots,  stalks,  and  leaves,  and 
especially  in  their  seeds.  It  appears  from  the  experi* 
ments  of  Dr.  Bostock,  that  there  is  a  considerable 
variety  in- the  chemical  properties  of  different  gums; 
but  we  take  Gum  Arabic  as  an  example.  It  is  an 
inodorous,  insipid,  and  glutinous  substance,  soluble 
in  water,  in  every  proportion,  and  forming  with  it  a 
thick  viscid,  solution ;  in  which  state  it  is  termed 
MuciLAGB.  This,  however,  when  evaporated  and 
dried,  is  again  brittle  and  soluble.  It  is  insoluble  in 
alcohol,  ether,  or  oil,  the  former  of  which  precipitates 
it  from  water,  in  opaque  white  flakes.  This  affi>rds  an 
easy  mode  of  detecting  its  existence  in  vegetables ;  we 
have  only  to  boil  gently  the  matter  to  be  examined  with 
water ;  the  gum  will  be  thus  dissolved,  and  if  much  of 
that  principle  be  present,  the  solution  will  be  glutinous. 
It  may  be  allowed  to  remain  until  the  impurities  have 
subsided;  then  be  evaporated  to  the  consistence  of  thin 
syrup ;  when  the  iMldition  of  three  parts  of  alcohol  will 
separate  the  whole  of  the  gum  in  flakes. 

895.  Mucilage  may  be  kept  for  a  long  time  without 
undei^oing  any  change,  but  it  ultimately  becomes  sour, 
owing  to  a  paijlial  spontaneous  decomposition,  and  the 
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i«-c6mbinAtion  of  part  of  its  princifdes,  so  as  to' form 
acetic  acid.  It  is  precipitated,  in  a  thick  curdy  form, 
by  sub-acetate  of  lead  ;*  and  in  the  state  of  a  brown 
9emi«transparent  jelly  by  the  red  sulphate  of  iron.  The 
same  effect  is  also  produced  by  oth^  salts ;  those,  how- 
ever, containing  mercury  and  per-oxide  of  iron,  are  the 
most  efficient  in  this  respect.  The  oxides  of  copper, 
antimony,  and  bismuth  are,  also,  acted  upon  by  it; 
fi>r  it  prevents  water  from  precipitating  them  from  their 
acid  solutions,  in  the  state  of  sub-«alt8.  The  eflfects, 
howeyer,  of  re-agents  on  a  solution  of  gUm  ha^e  been 
found  to  vary  considerably  in  the  difierent  species,  and 
many  of  them  are  rather  to  be  attributed  to  the  brae, 
and  other  foreign  matters  present,  than  to  the  pure 
principle.  Silitaied  Potass  is  considered  as  the  mopt 
sensible  test  of  gum,  as  it  dirows  down  a  white  flaky 
precipitate  from  very  dilute  nmcllage.  Dr.  Duncan, 
however,  found  that  this  effect  is  only  produced  by 
solutions  of  the  lighter  coloured  specimens,  wluch  have 
diflferent  properties  from  those  of  darker  colour.  Dr. 
Bostock  is  also  inclined  to  attribute  the  precipitation 
to  the  action  of  the  lime  present  in  the  gum. 

896.  Gum  is  soluble  in  pure  alkalies,  and  in  lime 
water,  from  which  it  is  precipitated  unchanged  by 
acids.  It  is  also  soluble  in  weak  acids,  but  these  agents 
in  a  concentrated  state  decompose  it.  Sulphuric  acid, 
for  instance,  converts  it  into  charcoal,  acetic  acid,  and 
V^ater ;  nitric  acid  exerts  a  peculiar  action  upon  it,  and 
produces  results  which  are  sufficiently  distinct  and 
characteristic  to  identify  this  proximate  principle;  a 
disengagement  of  nitric  oxide  first  takes  place,  and  a 
solution  is  obtained  whidh,  on  cooliyg,  deposits  a  pe« 
culiar  acid,  to  which  the  name  otMrndCj  or  Saccko^ 

*  The  precipitate  thus  produced  w*s  examined  by  Bervdiiis, 
who  having  found  it  to  consist  of  gum  and  oxide  of  leeid,  assigned 
to  the  former  the  functious  of  an  acid»  and  called  the  compound 
gummaie  of  lead.  He  found  it  to  consist  of  gum  100  +  o^e'cf 
lead  62  - 105. 
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lactic  acidj  has  been  given ;  some  malic  acid  is  abo,  at 
the  same  time,  formed.  If  the  heat  be  long  continued, 
we  shall  obtain  a  quantity  of  oxalic  acid,  amounting 
in  weight  to  nearly  one  half  of  that  of  the  gum  em- 
ployed. Chlorine,  transmitted  through  a  solution  of 
gum,  changes  it  into  citric  acid. 

897.  When  gum  is  submitted  to  destructive  distil- 
lation, an  acid  substance  passes  over,  which  was  for- 
merly considered  as  a  disdnct  body,  under  the  name 
of  PjfTO'fnucous  acid.  Late  experiments,  however, 
have  proved  it  to  be  no  other  than  the  acetic  acid, 
holding  in  solution  a  portion  of  essential  oil,  and  some 
ammonia;  this  last  product  would  seem  to  indicate 
the  presence  of  nitrogen  in  the  gum ;  but  Dr.  Henry 
is  inclined  to  consider  it  as  an  accidental  ingredient. 
After  the  distillation,  a  residuum  of  lime,  and  phos- 
phate of  lime,  will  be  found  in  the  retort. 

898.  Independent  of  the  above  earthy  constituents 
Gum  may  be  considered  as  constituted  of  carbon,  oxy- 
gen, and  hydrogen,  in  atomic  proportions  which  have 
not  hitherto  been  satisfactorily  estimated. 

899.  Cerasin  is  a  principle  which  was  long  con- 
sidered as  a  species  of  gum  ;  it  exudes  from  the  cherry 
tree  (whence  its  name),  and  is  known  in  Pharmacy  by 
the  name  of  Oum  Tragacanth^  being  the  produce  of 
the  Astragalus  Tragacantha.  It  difiers  from  gum  in 
some  essential  circumstances ;  it  is,  for  instance,  strictly 
speaking,  insoluble  in  water ;  when  plunged  into  cold 
water,  it  imbibes  that  fluid,  swells,  and  forms  a  thick 
mucilage ;  in  boiling  water  it  would  appear  to  dissolve, 
but  on  cooling  it  again  separates  in  the  form  of  a  gela* 
tinous  mass.  Its  habitudes  vrith  nitric  acid  resemble 
those  of  gum ;  but  by  destructive  distillation  it  fur- 
nishes a  greater  proportion  of  ammonia ;  whence  we  are 
authorised  in  concluding  that  it  contains  more  azote. 

9Q0.    Various  Gums  occur  in  commerce,  which  ap- 

9h  2 
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pear  to  be  mixtures  of  these  principles  in  different 'pro* 
portions ;  that  variety,  for  instance,  VexmeA'^Dommica 
Oum,  consists  of  thre^  parts  of  cerasin,  and  one  of  gum* 

Vegetable  Jelly. 

901.  This  well  known  principle  is  obtained  from 
the  recently  expressed  juice  of  various  acid  fruits,  by 
gentle  evaporation.  It  is  a  tremulous  soft  coagulum, 
almost  colourless  after  it  has  been  well  washed,  and  of 
an  agreeable  sub-acid  taste.  In  cold  water  it  is  scarcely 
soluble,  but  in  hot  water  it  is  abundantly  dissolved ; 
and  when  the  solution  cools,  it  again  assumes  a  gela- 
jtinous  form.  By  long  boiling,  however,  it  loses  this 
property  of  coagulating ;  hence  the  necessity,  in  pre- 
paring jelly  from  certain  fruits,  of  not  submitting  the 
expressed  juice  to  protracted  ebullition.  Its  solution 
in  water  is  precipitated  by  infusion  of  galls.  It  seems 
probable  that  jelly  is  merely  gum  combined  with  some 
vegetable  acid ;  for  by  exposing  it  on  a  sieve,  an  acid 
liquor  drains  off,  and  a  hard  transparent  gum-like  sub- 
stance remains. 

Starch,  Fecula,  or  Fabina.  \ 

.  90S.  This  important  principle  exists  chiefly  in  the 
white  and  brittle  parts  of  vegetables,  particularly  in 
tuberose  roots,  and  the  seeds  of  gramineous  plants. 
It  may  be  mechanically  separated  from  these  parts  by 
the  processes  of  pounding  or  grating,  and  elutriatton 
with  cold  water;  by  the  former,  the  fecula  will  be 
disengaged  from  .the  fibrous  matter  in  which  it.  is  in- 
volved, and  by  the  latter  it  will  be  completely  sepa- 
rated, the  fibrous  part  subsiding,  and  leaving  the  starch 
difiiised  through  the  water  in  the  form  of  .a  fine  white 
powder;  or  the  pounded  or  grated  substanpe  may  be 
placed  in  a  hair  sieve,  and  the  starch  washed  through 
with  cold  water,  leaving  the  grosser  matters  behind. 
.  903.    In  preparing  Starch  in  the  laige  way,  the 
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grain  is  steeped  in  water  until  it  becomes  soft ;  it  is 
then  put  into  coarse  linen  bags,  which  are  pressed  in 
vats  of  .water,;  a  milky  juice  exudes,  and  the  starch 
^alls'^'to  the  bottom  of  the  vessel.  The  vats  are  then 
allowed  to  remain  undisturbed  for  some  time,  by  which 
ttve-Mipernatbnt  liquid  undergoes  a  slight  fermentation 
and  becomes  sour ;  this  is  an  essential  part  of  the  pro- 
cess, since  the  acid  thus  formed  dissolves  some  of  the  im- 
purides  in  the  deposited  starch.  The  sediment  is  then 
collected,  washed,  and  dried  in  a  moderate  heat,  during 
which  it  splits  into  the  columnar  fragments  which  we 
meet  with  in  commerce,  and  which  are  generally  tinged 
slightly  blue,  by  a  preparation  of  cobalt. 

904.  Pure  Starch  is  not  soluble  in  water,  unless 
when  heated  to  160^ ;  and  if  the  temperature  be  raised 
to  180^,  the  solution  coagulates  into  a  thick  tenacious 
transparent  jeUy.  This. fact  is  one  of  great  practical 
importance,  and  will  suggest  to  the  operator  the  neces- 
sity of  regulating  ^he  heat  in  all  those  processes  in 
which  the  perfect  solution  of  this  principle  is  required; 
the  neglect  of  this  {H'ecaution  has  frequently  proved  a 
source  of  loss  and  vexation  to  the  brewer.  By  evapo- 
ration at  a  low  heat,  this  jelly  shrinks,  and  at  length 
forms  a  transparent  and  brittle  substance  like  gum, 
but  is  not  soluble  in  cold  water.  It  seems  to  be  a 
hydrate,,  or  a  compound  of  starch  and  water.  Starch 
by  solution  would  appear  to  undergo  9ome  change,  it 
cannot  again  be  reduced  to  its  original,  state,  and  it  is 
found  to  have  become  more  nutritive  and  digestible. 
The.  solution  of  starch  in  a  large  quantity  of  water  is 
precipitated  by  the  Sub-acetate  of  Lead :  b.ut  not  by 
any  other  metallic  salt ;  it  is  also  precipitated  by  the 
infusion  of  Galls,  but  the  precipitate  is  re-dissolved  on 
heating  the  mixture  to  1S0°,  and  deposited  again  on 
cpoling.  Dr.  Thomson  considers  this  phaenomenon  of 
^ternate  solution  and  precipitation,  by  change  of  tenu 
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perature,  as  cfamracteristic  of  Starch.  The  imwt  diB* 
linctiTe  property  of  starch,  however,  is  that  of  fiymiitig 
with  Iodine  combinations  of  Tarioiis  colours;  when  the 
proportion  of  Iodine  is  small,  the  colour  is  violet; 
when  somewhat  greater,  blue ;  and  when  sttU  greater, 
black.  The  colour  is  manifested  even  at  the  instant  of 
pouring  a  solution  of  Iodine,  into  a  liquid  which  con- 
tains Starch  mechanically  difiused  through  it.  Hence 
these  bodies  afford  excellent  tests  for  reciprocally 
detecting  each  other. 

905.  Starch  is  insoluble  in  alcohol  and  in  aether^ 
but  the  pure  liquid  alkalies  act  upon  it,  and  convert  it 
into  a  transparent  jelly,  which  is  soluble  in  alcohol. 
By  acids  this  compound  is  decomposed,  and  the  starch 
is  recovered.  Sulphuric  acid,  when  concentrated,  dis- 
solves starch  slowly ;  sulphurous  acid  is  disengaged, 
and  a  considerable  quantity  of  charcoal  deposited. 

906.  By  a  high  temperature,  or  by  roasting,  starch 
undergoes  a  very  important  change.  At  first  it  becomes 
yellow,  then  reddish  brown ;  it  afterwards  swells,  and 
exhales  a  penetrating  smell.  If  the  process  be  stoi^>ed, 
a  substance  is  the  result,  which  is  known  in  commerce 
by  the  name  of  British  Gum;  in  this  state  it  is  no 
longer  sensible  to  the  action  of  Iodine,  and  possesses 
many  of  the  habitudes  of  gum,  although  it  gives  cmly 
oxalic  acid,  without  a  trace  oimucic  acid^  when  treated 
with  nitric  acid. 

907.  The  Starch  obtained  from  potatoes  diflers 
perceptibly  from  that  of  wheat ;  it  is  more  friable ;  is 
composed  of  ovoid  grains  about  twice  the  size  of  the 
other ;  it  requires  a  lower  temperature  to  reduce  it  into 
a  jelly  with  water ;  it  is  soluble  in  more  dilute  alkaline 
leys,  and  is  less  readily  decomposed  by  spontaneous 
fermentation.  It  also  contains  more  hygrometric  vrater. 
The  experiments,  however,  of  Berzelius  have  shewn 
that  its  chemical  composition  is  not  different  from  that 
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of  the  Starch  procured  from  the  Cerealia.  In  addition 
to  iheee  varietiea  of  Starch,  the  following  are  met  with 
in  eommeree,  yik.  Indian  Arrow  Root,  obtained 
from  the  Marania  Anrndinttcea;  Sago,  |»epared  from 
the  pith  oi'  the  palm  tree,  Cycas  Grdnalis^  the  brown 
colour  of  which  is  occasioned  by  the  heat  used  in  dry* 
ing  it ;  while  its  granular  form  is  imparted  to  k  before 
it  is  completely  dry,  by  forcing  it  through  apertures  of 
the^  proper  size.  Oassata  is  prepared  from  the  roots 
of  the  latropha  Manhioty  a  South- American  plant,  the 
juice  of  which  is  so  virulent,  that  the  Indians  employ 
it  for  poisoning  their  arrows,  and  yet  the  starch  which 
subsides  from  it,  when  well  washed  and  dried  is  made 
into  a  nutricious  bread.  Tapioca  is  the  same  sub- 
stance, under  a  diffisrent  form,  which  it  assumes  oit 
drying.  Salop  is  deriyed  principally  from  the  Orchis 
Maseula*  There  is  a  great  variety  of  other  plants* 
which,  by  appropriate  treatment,  might  be  made  to 
yield  a  considerable  proportion  of  nutricious  fecula. 

906.  The  different  analyses  which  have  been  given 
of  this  principle  .are  somewhat  at  variance  with  each 
other;  according  to  Gay-Lussac  it  consists  of  43*55 
carbon,  4*  49' 68  oxygen,  -|-  6*77  hydrogen. 

900.  Starch  is  convertible  into  sugar;  but  this  phae*^ 
nomenoB  will  more  propeiiy  foil  under  our  notice  when 
we  tpeat  of  the  nature  and  composition  of  this  latter 
principle. 

Gluten. 

910.  If  a  piece  of  dough,  made  with  tlie.  flour  of 
wheat,  be  repeatedly  washed  in  cold  water,  we  shall 

*  Starch  has  been  found  ia  the  following  plants: — Burdock 
{jireUum  Luppa)^  Deadly  Nisfatshade  (Jtrapa  Bettadonna),  Bis- 
tort {Po^gouum  Butorta)^  White  Bryony  ifir^oida  a»m),  Mear 
dow  Saffron  {Colchicum  Jutumnale),  Dropwort  (Spiraea  FiHpen' 
dmim)^  Buttercup  (Rmmneubu  BuiboMUt),  Ti^ort  {Scrophularia 
n»d99a\  Dwurf  Elder  (AimtaciM  &uku)y  Common  Elder  (5km- 
bucus  fU^ra)^  Henbane  (HjfOicyamun  ruger)^  Water  Dock  (Ilif9i€jr 
ApuiHcuM)^  Wake  Robin  (Arum  Maetdatum),  Flower  de  luce, 
or  Water  flag  (/rw  P$euiacoru9\  &c.  &c. 
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reclolve  it  into  three  distinct  principks ;  into  a  mndla* 
ginous  saccharine  matter  which  is  readily  dissoWed; 
into  Starch,  which  will  be  mechanically  carried  off  by 
the  fluid ;  and  into  GluteHj  which  remains  behind  as  a 
tough  elastic  substance.  It  has  no  taste,  nor  does  it 
nielt  or  lose  its  tenacity  in  the  mouth ;  its  colour  is 
grey,  and  when  dried  becomes  brown  and  brittle.  It 
is  very  slightly  soluble  in  cold  water,  requiring  more 
than  1000  parts  of  that  fluid  for  its  solution ;  when  this 
solution  is  heated,  the  gluten  separates  in  the  form  of 
yellow  flakes;  it  is  also  precipitated  by  acetate  and 
sub-acetate  of  lead,  by  muriate  of  Un,  and  by  several 
bther  reagents.  It  is  insoluble  in  alcohol  and  eether. 
When  kept  moist,  it  ferments  and  undeigoes  a  species 
of  putrefaction,  exhaling  a  very  ofiensive  odour;  at  the 
same  time  a  species  of  acid  is  developed.  In  this  state 
it  is  partially  soluble  in  alcohol,  and  the  solution  may 
be  applied  to  the  purposes  of  varnish.  All  acids  dis- 
solve gluten,  and  alkalies  precipitate  it,  but  considera^ 
bly  changed,  and  deprived  of  elasticity.  It  undergoes 
a  similar  change  when  dissolved  in  pure  alkalies,  and 
is  precipitated  by  acids.  When  suddenly  heated  it 
shrinks,  then  melts,  blackens,  and  bums  like  a  piece 
of  horn.  If  it  be  submitted  to  destructive  distiUatiX^n, 
it  yields  the  same  products  as  animal  matter,  viz,  water 
impregnated  with  carbonate  of  ammonia,  and  a  Consi- 
derable  quantity  of  fcetid  oil ;  a  result  which  announces 
the  presence  of  a  considerable  proportion  of  azote. 

911.  Gluten  exists  in  the  vegetable,  from  which  it 
is  procured  in  a  dry  pulverulent  form,  and  owes  its 
tenacity  and  adhesive  qualities  to  the  water  which  it 
imbibes  during  the  process  of  elutriation.  It  is  found 
in  a  great  number  of  plants,  and  appears  to  be  one  of 
the  most  nutritive  of  the  vegetable  substances,  and 
jwheat  is  supposed  to  owe  its  superiority  to  other  grain 
from  the  circumstance  of  its  containing  it  in  larger 
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qua&chies ;  its  presence)  moneoveT)  ooatributes  to  thcif 
porosity  or  lighines9  of  the  bread  manufactured  of  it, 
as  will  be  more  fully  explained  under  the  bead,  of 
Ponary  fermentiUian.^  Sir  H.  Dayy  found  that  thq 
wheat  of  different  countries,  and  eyen  that  of  our  own 
countiy,  sown- at  diflbcent  seasons,  coi^tecined  diierent 
pnqxMtions  of  gluten.  He  examined  diflferent  qpeci^^ 
mens  of  North  American  Wheat,  all  of  which  con* 
tained  rather  more  gluten  than  the  British.  In  genearail 
that  of  warm  climates  abounds  most  in  this  principle^ 
and  in  insoluble  parts ;  and  it  is  therefore  of  greateE 
specific  gravity,  harder,  and  mor^  difficult  to  grinds 
The  wheat  of  the  south  of  Europe,  in  consequence  df 
the  larger  quantify  of  gluten  it  contains,  is  pocuUarly 
fitted  for  making  Macaroni^  and  other  preparati^itf  of 
flour  in  which  a  glutinous  quality  is  considered  as  aa 
excellence. 

912.  M.  Taddeiy  an  Italian  chemist,  has  lately 
ascertained  that  the  gluten  of  wheat  may  be  decom^^ 
posed  into  two  principled,  which  he  has  distinguished 
by  the  names  Gliadine  (from  yTud^  gluten)  and  Zvmni^ 
(from  l^fyaiy  ferment.)  They  are  obtained  in  ac  separate 
state  by  kneading  fresh  gluten  in  successive  portions 
of  alcohol,  as  long  as  that  liquid  continues  to  become 
milky,  when  diluted  with  water.  The  alcoholic  solu^ 
tions  being  set  aside,  gradually  deposit  a  whitish  mat* 
ter,  consisting  of  small  filaments  of  gluten,  and  become 
perfectly  tran^arent^  Being  now  left  to  slow  evapo* 
ration,  the  Gliadine  remains  behind^  of  the  consistence 
of  honey,  and  mixed  with  a  little  resinpus  matter,  firom 
which  it  may  be  freed  by  digestion  in  sulphuric  ether, 
in  which  Gliadine  is  not  sensibly  soluble.  The  por* 
.tion  of  the  gluten  not  dissolved  by  the  alcohol  is  the 
JZimome. 

913.  Gliadine  has  a  faint  odour,  somewhat  similar  to 
'that  of  the  honey-comb ;,  when  gently  heated  its  sine}l 
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f»  yery  Hke  that  of  boBed  qyplM»  it  becomes  adhenne 
ki  tlie  mouth  and  has  a  sweetish  taste4  It  is  aiodemtriy 
soluble  in  boiling  alcohol,  which  loses  its  transpareacj 
m  proportion  as  it  cools,  and  then  Mtains  only  a  smaH 
^aati<y  in  solution.  It  softens,  but  does  not  dissolve 
in  cold  distilled'  water.  At  a  boiling  heat  it  i»  eon- 
yeitiid  into  fipoth,  and  the  liquid  lemains  slightly  m^y» 
It  is  specificaHy  heavier  than  walen  The  i^olioUe 
solnSion  is  rendered  milky  by  admixture  with  water, 
and  is  precipitated  in  a  flocculent  form  by  the  alkaline 
carbonates.  It  is  scarcely  affected  by  the  mineral  and 
yi^table  acids.  Dry  Gliadine  dissolres  in  caustic 
alkalies  and  in  acids.  It  swells  upon  red  hot  coals, 
and  then  contracts  in  the  manner  of  animal,  substances. 
It  bums  with  a  lively  flame,  and  leaves  a  residuum  of 
spongy  charcoal,  difficult  of  incineration.  In  some 
respects,  it  would  seon  to  approach  the  character  of 
resin,  but  diflfers  from  it  in  being  insoluble  in- sulphuric 
sether.  It  is  sensibly  affiK:led  by  the  infusion  of  galb. 
It  is  capable  of  itself  of  undei^ing  a  slow  fermenta* 
tion,  and  produces  it  in  saccharine  substances. 

914.  Zimome  appears  in  the  form  of  smaU  globules, 
or  in  that  of  a  shapeless  mass,  which  is  hard,  tough, 
destitute  of  cohesion,  and  of  an  ash-white  colour. 
When  washed  in  water  it  recovers  part  of  its  viscocity, 
and  becomes  quickly  brown,  when  left  exposed  to  the 
air.  It  is  specificaHy  heavier  than  water.  Its  mode  of 
fermentation  is  no  longer  that  of  glutei ;  for  when  it 
purities  it  exhales  a  fetid  urinous  odour.  It  dissolves 
completely  in  vin^ar,  and  in  the  mineral  acids  at  a 
boiling  temperature.  With  caustic  potass,  it  combines 
and  forms  a  kind  of  soap.  When  put  into  lime  water, 
or  into  the  solutions  of  the  alkaline  carbonates,  it  be* 
comes  harder,  and  assumes  a  new  appearance  without 
dissolving.  When  thrown  upon  red-hot  coals,  it  bums 
with  flame,  and  exhales  an  odour  similar  to  that  of 
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kojming  hair  or  hoofs.  It  is  found  in  several  parts  of 
vegetables ;  and  produces  various  kinds  of  fermentation, 
according  to  the  nature  of  the  substance  with  whieh  it 
comes  in  contact* 

915.  To  M.  Taddei,  the  discoverer  of  Zimome,  vve 
are  also  indd[>ted  for  a  simple  test  for  the  detection  of 
its  presence.  When  powdered' Ghiaiacum  is  worked  up 
with  gluten,  or  still  better  vnth  pure  Zimome,  ,a  most 
superb  blue  colour  is  produced.  This  change,  how- 
ever, is  not  effected,  unless  the  contact  of  oxygen  be 
aUowed.  This  resinous  body  therefore  furnishes  a 
re-agent,  capable  of  detecting  the  injurious  alteration 
which  flour  sometimes  undergoes  by  the  spontaneous 
destntction  of  its  gluten,  and  also  of  ascertaining  in  a 
general  way  the  proportion  of  that  principle. 

Albumen. 

916.  The  existence  of  this  principle  in  vegetables 
is  a  discovery  of  recent  times.  It  abounds  in  the  juice 
of  the  Papaw^tree  (Carica  Papaya)  ;  it  is  also  found 
in  mushrooms,  and  in  the  diflfefent  species  of  funguses, 
in  the  emulsive  seeds ;  in  the  ahnond  for  instance,  90 
per  cent,  have  been  found,  of  a  substance  analogous  to 
coagulated  albumen.  The  juice  of  the  fruit  of  the 
Ochra  (Hibiscui  esculentus)^  according  to  Dr.  Clarke^ 
contains  a  liquid  albumen  in  such  quantities,  that  it  is 
employed  in  Dominica  as  a  substitute  for  the  white  of 
eggs  in  clarifying  the  juice  of  the  sugar  cane.  The 
chief  characteristic  of  Albumen  is  its  coaguability  by 
the  action  of  heat  or  acids,  when  dissolved  in  water. 
According  to  Dr.  Bostock,  when  the  solution  contains 
only  one  grain  of  albumen  to  1000  grains  of  water,  it 
becomes  cloudy  on  being  heated.  When  burnt  it 
affords  similar  products  to  gluten,  and  probably  difiertf 
but  little  from  it  in  composition. 
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■    Caoutchouc,  or  ELAstic  Gum. 

.  917«..Thi9  pI;^l€iple  may  be  considered,  from  its. 
physical  properties,  as  closely  allied  to  gluten.     It  is. 
obltiMned  from  incisions .  made  in  the  baik  of  two  dif- 
forent  trees,  indigenous  in.Bra^l ;  the  Hasvea  Caaui', 
chouCf  and  Jairopha  Elastica.^    The  white  milky 
juice  which  flows  from  them  immediately  concretes 
ioto  an  elastic  substance ;  and,  when  it  is  applied  in. 
wccessive  coats  upon  clay  moulds,  it  forms  the  bottles 
of  Indian  rubber  which  are  imported  into  thisxounay. 
Its  specific  gravity  is  *  9S3S.    It  is  destitute  of  smell 
mid  taste,  and  in  its  pure  state,  of  colour  also.    It  i^ 
cpmbustible,  and  bums  with  a  white  flame,  throwing 
off  a  dense  smoke,  with  a  ^ery  disagreeable  smell.    At 
a  temperature,  not  much  below  that  required  for  melt- 
ing lead,  it  enters  into  fusion,  and  in  this  state^  by  a 
prt)cefi6  npt  hitherto  published,  Mr.  Hancock  of  the 
Strand,  converts  it  into  flat  masses,  which  are.  converti- 
ble. ii\to  a  variety  of  useful  instruments,  such  as  tubes, 
bogs,  &c. ;  it  is  also  capable,  by  inflation,  of  assuming 
l^lobules  of  extreme  tenuity.    Caoutchouc  is  insolubk. 
in  water  and  in  alcohol  i  but  it  is  acted  upon  by  puri- 
fied ^ther,  and  th^  solution  so  formed  has  been  a|^lied 
\o  yariop^.Geconomical  uses.    It  is  also  soluble  in  rec- 
tified naphtha,  and  Mr.  Majckintosh  of  Glasgow  has 
)ajtely  formed,  by  eiuch  an  agent,  a  varnish  for  rendering 
doth  water-proof.  The  oil  of  Cajeput,.  however,  is  the 
best  solvent  of  this  substance,  bu)  the  high  price  of  the 
mticle  offers  a  practical  obstacle  to  its  adoption.    Ac- 
cording to  a  recent  analysis  of  this  substance  by  Dr. 
IJr^,  its  essential  constituents  appear  to  be  carbon  and 
hydrogen,  and  to  ^xist  in  proportions  which  will  au- 
tlK>jrize  us  in  considering  it  as  a  Sesquucarbureitei 
hydrogen. 

- h 

*  It  exists  also  in  a  great  variety  of  other  plants,  as  Fietii 
Judica^  Artwearphut  InUgrifoUM^  and  Vreeola  JSimtiica* 
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Sugar.  . 


918.    This  principle,  in  its  purest  fonn,  is  pvepiired 
from  the  expressed  juice  of  the  Arundo  Saceharifisraj, 
or  Sugar  cane,  by  a  series  of  processes  which  may  b^ 
found  described  and  explained  in  the  Tarious  woriu^  on 
'general  chemistry.  ,    ^ 

.  919.  There  would  aiq)ear,  from  late  experimentS| 
to  be  several  varieties  of  saccharine  matter ;  there  cer* 
tainly  exist  two  very  distinct  kinds  in  the  juice  of  the 
£ane;  the  one  capable  of  crystallizing  in  six-sided 
prisms,  the  other  uncrystallizable,  and  generally  highly 
ch^iged  with  colouring  matter.  These  substances  are 
familiarly  known  under  the  names  of  White  sugOT'^ 
eandy^  and  Treacle^  These  ingredients  are,  to  a  cer- 
tain extent,  separated  from  each  other  by  the  processes 
of  evaporation  and  filtration,  in  our  Indian  colonies ; 
the  roiD  sugar,  however,  which  is  imported,  still  con- 
.tains  $  considerable  admixture  of  the  latter,  and  the 
process  of  sugar-refining,  as.  practised  in  this  counti^, 
entirely  consists  in  effecting  a  more  complete  separation 
'of  the  two.  In  what  chemical  circumstance  these  va- 
rieties of  sugar  diifer  from  each  other  has  not  yet  been 
well  ascertained.  The  presence  of  a  portion  of  extrac- 
tive matter  has  by  some  be^n  sujqposed  to  prevent  the 
xirystallization,  while  others,  sanctioned  by  the  results 
of  ultimate  analysis,  have  attributed  this  defect  to  an 
excess  of  oxygen. 

.  920.  Besides  the  juice  of  the  cane,  sugar  may  be 
extracted  from  a  great  variety  of  plants,  and  from  ripe 
fruits.  It  appears  also  that  a  coarse  sugar  may  be  pro- 
cured from  grftpes,  which,  although  not  so  white,  crys« 
,tallizes  more  easily  than  that  obtained  from  the  cane. 
Chemists  have  di&red  widely  with  respect  to  the  ulti- 
mate.constitution  of  sugar;  all  agree  in  considering  it 
as  a  cooKpound  of  Carbon,  oxygen,  and  hydrogen,  but 
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their  experiments  are  at  variance  ^th  r^[ard  to  the 
proportions.    It  would,  however,  appear  that  the  dif- 
ference between  the  composition  of  starch  and  that  of 
sugar  is  trifling,  and  that  the  former  principle  is  ac- 
cordingly easily  converted  into  the  latter  by  natural  as 
well  as  artificial  operations.    This  change  occurs  in 
the  germination  of  seeds,  as  well  as  in  the  process  of 
malting«    M.  Kirchoff  of  St.  Petersburgh  also  disco- 
vered the  curious  fact  of  the  conversion  of  starch  into 
iugar  by  the  agency  of  sulphuric  acid ;  and  Sir  Greoige 
Tuthill  confirmed  the  statement  by  the  following  ex- 
periment.   He  digested  a  pound  and  a  half  of  potato 
starch,  six  pints  of  distilled  water,  and  a  quarter  of  an 
ounce  by  weight  of  sulphuric  acid,  in  an  earthen  vess^ 
at  a  boiling  heat ;  the  mixture  being  frequently  stirred, 
and  kept  at  an  unifi^rm  degree  of  fluidity  by  the  supply 
of  fresh  water.   In  84  hours  there  was  an  evident  sweet- 
ness, which  increased  till  the  close  of  the  process ;  ml 
the  end  of  34  hours  an  ounce  of  finely  powdered  char- 
coal was  added,  and  the  boiling  kept  up  two  hours 
longer.    The  acid  was  then  carefully  saturated  by  re- 
cently burnt  lime,  and  the  boiling  continued  for  half 
an  hour,  after  which  the  liquor  was  passed  througli 
calico,  and  the  residuum  repeatedly  washed  with  wann 
water.    This,  when  dried,  weighed  seven-eighths  of  an 
ounce,  and  consisted  of  charcoal  and  sulphate  of  lime. 
The  clear  liquor,  being  evaporated  to  the  consistmoe 
of  syrup,  and  set  aside,  was  in  eight  days  converted 
into  a  crystalline  mass,  resembling  common  brown 
sugar  with  a  mixture  of  treacle.    The  saccharine  mat- 
ter wdghed  one  pound  and  a  quarter,  and  its  qualitiss 
were  considered  as  intermediate  between  those  of  cane 
and  grape  sugar.     Professor  de  la  Rive,  of  Geneva, 
and  M.  Theodore  de  Saussure,  by  a  ferther  investiga- 
tion of  these  results,  found  that,  during  this  process 
no  gas  is  evolved ;  that  the  conversion  proceeds  squally 
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add  ifl  decomposed,  and  that  the  weight  of  the  sugar 

utrhich  is  obtained  exaeeds  that  of  the  starch  eiaployed* 

Whence  it  is  fair  to  conclude  that  the  conyersion  of 

the  starch  into  sugar  is  nothing  more  than  its  coiiibtna- 

tion  with  water  in  its  solid  state,  or  rather  with  its  ele* 

ments.  M«  Braconnot  has  recently  still  fiurther  extended 

bui*  Yiewss  coacemii^  the  artificial  production  of  sugar 

and  gum.    He  found  that  well  dried  elm  dust,  shieds 

of  linen,  &c.  when  treated  with  sulphuric  acid,  (q|>*  gr, 

1*8S7)  and  afterwards  diluted  with  water;  and  the  sctd 

saturated  with  lime,  yielded,  by  emporation,  a  gusrnny 

matter,  which  was  oonyertible  into  a  crystalliaable 

sugar,  by  a  fartlier  boiling  with  dilute  sulphuric  acitt. 

Nothing  can  mote  aatis&ctorily  illustrate  the  facility 

with  which  oi^  proximate  principle  is  convertible  into 

another ;  and  strange  as  the  statement  may  appear  to 

pemons  not  fainiliaariaed  with  chemical  speculations,  it 

is  ne?erihe)ess  indisputably  true,  that  a  pound  weight 

of  rags  can  be  easily  conveited  into  more  than  a  pound 

weight  of  sugar.     To  the  medical  student  such  »e* 

searches  have  a  paiCicular  interest,  for  they  must  here^ 

after  point  out  the  changes  which  aliment  undeigoes 

in  its  coaverikHi  into  blood,  and  serve  to  explain  a 

number  of  those  dianges  which  are  perpetually  taking 

place  in  the  laboratory  of  the  living  body. 

981^    The  properties  of  Sugar  are  interesting  Co  the 

medical  student,  as  it  frequently  enters  into  the  com« 

position  of  his  remedies,  and  is  capable  of  producing 

changes  upon  various  bodies,  with  which  he  is  bound 

to  be  acquainted*    When  perfectly  pure,  it  uadergoea 

no  change  on  exposure  to  air,  excqpt  diat,  in  a  damp 

atmosphere,  it  sulers  a  alight  dsgiiee  of  deliquescence* 

When  exposed  to  heat  it  fiises,  becomes  brown,  evolves 

a  little  water,  and  i3  resolved  into  new  arrangements  of 

its  component  elements.    The  products  of  its  destruc** 
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tiTe  disltUation  are: watery  acetic  acid,  carburetted  Iqr- 
dragen,  carbonic  acid  gas,  and  cbarcoal;  and  a  UtUe 
oil,  with  a  large  proportion  of  pyro«mucous  acid, 
amounting  to  more  than  half  the  weight  of  the  sugar. 

-  98S.  Sugar  ia  soluble  in  an  equ^  w^ght  of  cold, 
and  almost  to  an  unlimited  amount  in  hot  water.  The 
latter  solution  is  termed  Syrifjp,  from  which,  by  long 
repose  in  a  warm  place,  transparent  crystals  (candied 
^sugarjr  in  the  form  of  four  or  six-sided  prisms^,  are  de- 
posited. Alcohol  dtssolves,  when  heated,  about  one- 
fourth  its  weight  of  sugar. 

9SS.  The  most  interesting  habitude^  of  Sugar  aiie 
ibam  which  it  displays  with  the  alkalies  and  earths. 
!lfefiinner  bodies  unite  with  it,  and  form  conpounds 
destitute  of  taste.  By  adding,  however,  -sulphuric  *ac»d 
to'  their  aqueous  solutions,  we  form  an  alkaline  sgl- 
I^iate,  and  if  this  be  precipitated  by  alcohol,  we  recoiwr 
the  sugar  unchanged.  Sugar  also  combines  with  soipe 
of  the  earths ;  when  dissolved  in  water  at  50^,  it  is  ca- 
pable ,of  dissolving  one  half  of  its  weight  of  lime.  The 
solution  is  of  a  beautiful  white  wine-  colour,  and  has 
the  smell  of  fresh  slacked  lime.  Tke  lime  is  precipi- 
tated from  it  by  the  carbonic,  citric,  tartaric,  sulphuric, 
and  oxalic  acids;  and  the  solution  is  decomposed,  by 
double  affinity,  by  the  carbonate,  citrate,  tartrate,  and 
oxalate  of  potass,  &c.  in  which  case  the  sugar  combines 
with  the  alkaline  base,  and  the  acid  forms  a  salt  c^lime. 

-  99^.  Sugar  decomposes  several  of  the  metallic  salts, 
when  boiled  with  their  solutions ;  sometimes  reducing 
the.  oxides  to  a  metallic  state,  and,  in  other  cages, 
merely  reducing  the  oxide: to  a  lower  state  of  oxida- 
tion. With  oxid^.  of  lead,  it  combines  and  forms  an 
insoluble  compound  to  which  Ber2elius  has  given  the 
name,  oi  Saccharate  ofLeadj  supposing  that  in  this, 
and  similar  instances,  the  sugar  performs  the  essential 
part  of  .an  acid.    (446.  6.) 
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*  OSS.  Stigar  appears '  convertible  into  gtim  by  the 
tetion  of  phosphurets,  sulphurets,  and  hydro-sulphu- 
rets.  The  same  change  is  also  effected  by  keeping  the 
caustic  alkalies  for  some  time  in  contact  with  su^ar. 

986.  When  concentrated  sulphuric  or  muriatic  acid 
be  poured  upon  sugar,  a  decomposition  arises,  and  a 
t}uantity  of  carbon  is  evolved.  Nitric  acid  converts  the 
Bugar  into  an  acid,  to  be  hereafter  described,  called  the 
Oxalic  acidy  and  chlorine  changes  it  into  Malic  acid. 

Tannin. 

927.  The  Tanning  principle,  so  called  from  the 
great  importance  of  its  application  to  the  art  of  tanning 
«kins,  constitutes  the  principle  of  astringency  in  vege- 
table substances.  It  may  be  obtained  by  digesting 
bruised  gall-nuts,  grape  seeds,  oak  bark,  or  catechu. 
In  a  small  quantity  of  cold  water.  The  solution,  when 
levaporated,  affords  a  substance  of  a  bfownish-yellow 
colour,  extremely  astringent,  and  soluble  both  in  water 
and  in  alcohol,  but  not  in  aether.  This  must  be  re- 
garded as  Tannin  in  a  very  impure  state,  being  mixed 
"with  extractive  and  other  foreign  matter ;  nor  is  it  easy 
to  devise  any  process  by  which  it  may  be  obtained  in  a 
purer  form ;  those  which  have  been  proposed  for  this 
purpose  producing  an  important  change  in  the  tanning 
principle  which  they  were  designed  to  separate.  Sir 
H.  Davy  states  that  the  purest  form  of  tannin  is  that 
derived  fix)m  bruised  grape  seeds.  The  Extract  of 
Rhatany  (Krameria  Triandra)  also  affords  it  in  a 
purer  form  than  Catechu. 

928.  The  following  are  its  distinguishing  proper- 
ties. When  evaporated  to  dryness,  it  forms  a  brown 
friable  mass,  which  is  soluble  both  in  hot  and  cold 
water,  affording  a  deep  brown  solution,  of  a  sharp  bit- 
ter taste ;  although  it  is  insoluble  in  pure  alcohol,  the 
presence  of  a  very  small  proportion  of  water  enables 

2i 
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this  liquid  to  act  as  a  solvent.    From  its  aqueous  so- 
liition,  it  is  precipitated  by  almost  all  the  acids,  with 
whhch  it  forms  insoluble  compounds.     By  nitric  acid, 
however,  as  well  as  by  chlorine,  it  is  converted  into  a 
yellowish  brown  matter,  soluble  in  alcohol.      Lime 
water,  and  the  alkaline  carbonates,  form  also  pcecipi" 
tates  with  it ;  the  pure  fixed  alkalies  separate  it  from 
its  concentrated  solution ;  but  ammonia  does  uot  occa- 
sion that  eSecU    Certain  metallic  salts,  such  as  acetate 
of  lead,  sulphate  of  iron,   tartarized  antimony,  &c. 
throw  down  the  tannin,  whence  such  substances  must 
be  considered  as  incompatible  with  its  infusions.    The 
most  striking  effect,  however,  is  produced  upon  its  so- 
lution by  that  of  isinglass,  or  any  other  animal  jelly, 
with  which  it  instantly  forms  a  dense  coagulum  insolu- 
ble in  boiling  water,  and  which  in  fact  is  leather ^  for 
upon  such  a  combination  the  art  of  tanning  hides  en- 
tirely depends.    This  fact  naturally  suggests  a  question 
of  great  practical  importance  to  the  Physician ;  whe- 
ther in  cases  of  debility,  where  it  is  expedient  to  admi? 
nister  medicines  containing  tannin,  we  ought,  at  the 
same  time,  to  administer  gelatinous  food  as  nourish- 
ment.    As  mere  Chemists  we  can  feel  no  hesitation  in 
deciding  in  the  negative ;  but,  in  another  work,*  I  have 
frequently  observed  that  the  laws  of  Gastric  chemistry 
diflfer  from  those  which  regulate  the  combinations  of 
the  Laboratory ;  the  matter,  however,  is  doubtful,  and 
under  such  circumstances,  it  will  be  right,  if  we  err, 
to  err  on  the  safe  side,  and  to  prohibit  the  use  of  such 
dietetic  restoratives,  during  a  course  of  astringent  me- 
dicines. 

929.  Until  the  important  discovery  of  Mr.  Hatchett, 
Tannin  had  been  known  only  as  a  natural  production ; 
this  distinguished  Chemist,  however,  succeeded  in  form- 
ing it  artificially  by  digesting  charcoal  in  dilute  nitric 

*  Phaeiiacoi«o«ia.  Edit  0.  vol.  1.  p.  939. 
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Held,  daring  several  days,  by  which  a  reddish  browii 
liquor  is  obtained,  furnishing,  by  careful  evaporation, 
a  brown  glassy  substance  with  a  resinous  fracture,*  < 
which  differs  only  in  one  circumstance  from  natural 
tannin ;  viz*  in  resisting  the  action  of  nitric  acid,  by 
which  all  the  varieties  of  this  natural  principle  are  de*^ 
composed  4 

930.  The  ultimate  elemehts  of  tannin,  according  to 
the  latest  experiments,  are  6  atoms  of  carbon  ^-  4  ditto 
of  oxygen  -^  3  ditto  of  hydrogen^ 

The  Bitter  Principle* 

931.  It  is  extremely  doubtful  whether  the  bitter 
taste  of  certain  vegetables  can  be  fairly  attributed  to 
the  existence  of  a  peculiar  and  indepenHent  principle. 
In  the  present  state  of  our  knowledge,  however,  it  will 
be  convenient  to  adopt  the  distinction,  in  order  that 
we  may  better  collect  and  arrange  the  several  facts 
connected  with  the  subject.  In  many  cases  it  will  be 
difficult  to  distinguish  the  bitter  from  the  extractive 
matter,  in  others,  as  shewn  in  my  analysis  of  Elate* 
rium,t  and  in  that  of  the  Hop  by  Dr.  Ives,^  ii  is  capa- 
ble of  complete  separation. 

9SS.  The  bitter  principle  may  be  obtained  from 
the  wood  of  quassia,  the  root  of  gentian,  the  strobiles 
of  the  hop,  the  fruit  of  colocynth,  &c.  by  infusing 
them  for  some  time  in  cold  water.  For  our  knowledge 
respecting  this  principle  we  are  chiefly  indebted  to  Dr. 

Thomson,  I  shall,  therefore,  here  enumerate  the  cha- 

-  I  I  — - 

*  There  are  other  processes  for  the  factitious  production  of 
tlm  sobstance,  vie.  by  distilliog  nitric  acid  from  comtnon  resin  % 
or  by  the  action  of  sulphuric  acid  on  the  same  substance,  as  weH 
as  oa  elemi,  assafstida,  camphor,  &c.  M.  Cheaevix  also  observed 
that  coffee  berries  acijaired,  by  roaslin|^,  the  property  of  precipir 
tatin^  gelatin. 

f  PuAaMAcoLOGiA.  vol.  S.  Aft.  Extractum  Elaterii, 

tibia,     kxi,  Itumuii  SitMN,  ' 
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racters  which  he  has  assigned  to  it.  When  water,  thus 
impregnated,  is  evaporated  to  dryness  by  a  very  gentle 
heat,  it  leaves  a  brownish-yellow  substance,  which  re* 
tains  a  certain  degree  of  transparency.  For  some  time 
it  continues  ductile,  but  at  last  becomes  brittle.  Its 
taste  is  intensely  bitter.  When  heated,  it  softens, 
swells,  and  blackens ;  then  bums  away  without  flaming 
much,  and  leaves  a  small  quantity  of  adhes.  It  is  very 
soluble  in  water,  and  in  alcohol.  It  does  not  akor 
vegetable  blue  colours.  It  is  not  precipitated  by  the 
watery  solution  of  lime,  nor  is  it  changed  by  alkalies. 
Neither  the  tincture  nor  infusion  of  galls,  nor  gallic 
acid,  produce  any  effect  upon  it.  Of  the  metallic  salts, 
nitrate  of  silver  and  acetate  of  lead  are  those  only  which 
throw  it  down.  The  precipitate  from  the  latter  is  very 
abundant ;  and  it  therefore  furnishes  the  best  test  for 
discovering  its  presence,  provided  no  other  substances 
be  present,  by  which,  also,  it  is  decomposed. 

933.  By  digesting  indigo,  silk,  and  a  few  other  sub* 
stances  in  nitric  acid,  an  intensely  bitter  matter  is  pro- 
duced, which  has  been  called  by  Welther,  the  Yellow 
Bitter  Principle.  It  is  susceptible  of  a  regular  crys- 
tallized form ;  bums  like  gunpowder ;  and  detonates 
when  struck  with  a  hammer.  On  the  wh<de,  says  Dr. 
Henry,  it  appears  better  entitled  to  rank  as  a  distinct 
principle,  than  that  which  is  extracted,  by  infusion, 
from  vegetables. 

Fixed  Oils. 

934.  These  are  generally '  obtained  from  certain 
seeds  by  pressure.  They  greatly  differ  from  each  other 
in  specific  gravity,  but  which  is  below  that  of  vtrater. 
Rape  oil  has  a  specific  gravity  of  *913;  almond  oil 
that  of  *9SS,  &c.  They  are  liquid,  almost  tasteless, 
unctuous  to  the  feel,  and  give  a  greasy  stain  to  paper, 
which  is  not  removed  by  heat    When  kept  for  any 
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time  they  undergo  a  change  which  is  termed  rancidity^ 
in  which  0tate  they  aare  Tiscid,  and  appear  to  contain 
an  nncombined  acid.  This  change,  however,  would 
appear  to  be  rather  owing  to  the  decomposition  of  the 
mucilage  which  they  so  generally  hold  dissolved,  than 
to  any  material  modification  of  the  oil  itself.  They  bt6 
commonly  coloured,  but  they  may  be  rendered  per- 
fectly colourless  by  digestion  with  animal  charcoal; 
They  are  perfectly  insoluble  in  water,  but  may  be  sus- 
pended and  difiused  in  that  liquid  by  sugar,  gum,  and 
other  media,  giving  rise  to  a  mixture,  which  is  known 
in  Pharmacy  by  the  name  of  an  Emulsion.  They  ge* 
nerally  solidify  at  a  temperature  not  so  low  as  that 
required  for  the  congelation  of  water ;  and  some  few, 
as  Palm  oil,  &c.  are  solid  at  the  ordinary  temperature 
of  the  atmosphere,  and  have  thence  been  called  Vege^ 
table  Butters.  The  fixed  oils  are,  for  the  most  part, 
sparingly  soluble  in  alcohol  and  sether,  with  the  excep- 
tion of  castor  oil,  which  has  been  found  by  Mr.  Brande 
to  dissolve  in  almost  any  proportion  in  alcohol  of  spe« 
eific  gravity  •820,  and  in  sether  of  *T563.  Wlien  con- 
gelded  oil  is  pressed  between  folds  of  blotting  paper, 
a  wax-like  substance  remains,  to  which  has  been  given 
the  name  of  Stearin^  while  the  paper  absorbs  another 
portion  which  has  been  termed  Elain^ 

9S5»  The  fixed  oils  unite  with  the  alkalies,  and 
form  a  compound  called  Soap.*  This  useful  body  is 
readily  soluble  in  water,  and  in  alcohol,  and  if  the  lat- 
ter solution  be  concentrated  it  becomes  gelatinous,  and 
by  distilling  off  the  alcohol  is  made  to  surrender  the 
soap  in  a  beautiful  transparent  fonri«  The  solution  is 
decomposed  by  acids,  and  by  neutral  salts  with  earthy 

*  The  best  soaps  are  made  with  olive  oil  and  soda.  la  thia 
cpuntry,  animal  fat  is  usually  employed  for  the  common  soapi, 
fo  which  resin  and  some  other  substances  are  commonly  added. 
5<s^  Somjf  is  a  compoond  of  potass  with  some  of  the  common  oils. 
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baaes.  Hence  hard  water  curdles  soiqp,  the  furid  of  the 
«alt  in  solution  uniting  with  the  alkali  of  the  soap,  and 
thus  liberating  the  oil.  A  solution  of  soap,  th^refbie^ 
furnishes  the  Chemist  with  a  useful  re-agent  for  asc«r- 
taining  the  general  quality  of  any  water;  should  it  pro- 
duce a  (urbid  appearance,  we  may  infer  that  8ul{^ate 
of  lime,  or  some  other  earthy  salt  exists,  which  must 
render  it  unfit  for  the  purposes  of  inftisipn,  &c. 

036.  Two  diiferent  changes  are  effected  by  boiling 
the  fixed  oils  with  metallic  oiiides ;  if  the  quantity  of 
oxide  b^  small,  it  combines  with  the  mucilage,  and  at 
the  same  time  yields  a  portion  of  its  oxygen  to  the  pil^ 
by  which  it  is  rendered  drying ;  that  is,  if  it  be  thinly 
spread  upon  a  surface,  instead  of  remaining  greasy,  it 
becomes  hard  and  resinous,  and  is  therefore  better 
adapted  to  the  use  of  the  painter.  As  the  change 
which  the  oil  thus  undergoes  depends  upon  the  i^« 
straction  of  its  mucilage,  and,  perhaps,  the  acquisition 
of  a  small  portion  pf  oxygen,  it  may  be  made  to  pass 
into  the  same  state  by  mere  exposure  to  air.  Its  unc- 
tuosity  is  also  completely  destroyed  by  settiog  it  on 
fire,  when  boiling,  and  then  extinguishing  the  flame 
by  covering  the  vessel, 

937.  If  the  metallic  oxide  be  added  to  the  oil  in  a 
still  greater  proportion,  the  mass,  when  cold,  compose! 
the  well  known  preparation  termed  Plai$ter.  Tq 
obtain  this  compound  the  oxide  generally  employed  i9 
that  of  Lead:  and  since  this  body  would  undergo 
decomposition,  v^ere  the  temperature  employed  too 
high,  a  portion  of  water  is  added,  in  order  \o  moderate 
the  heat,  by  carrying  off  the  excess  of  calqric  |n  a 
latent  form* 

938.  Fixed  oils  have  been  stated,  in  various  chemi- 
cal works,  to  boil  at  600° ;  but  it  may  be  questioned 
whether  they  ever  boil,  for  the  process  which  has  been 
pistaken  for  ebullition  is,  in  fact,  decomp^sitipn ;  fbf 
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if  the  rapour  thus  produced  be  collected  and  examined, 
it  will  be  found  to  have  undergone  ia  Tery  material 
change,  and  to  be  acrid  and  empyreumatic ;  in  this 
state  it  was  formerly  employed  in  pharmacy,  under  the 
name  of  '*  Philosophers*  Oil/^  and,  since  the  usual 
Qiode  of  obtaining  it  was  by  plunging  a  brick  in  oil 
and  then  submitting  it  to  distillation,  it  was  also  called 
**  Oil  ofBricksy  At  a  somewhat  higher  temperature, 
a  more  complete  decomposition  taked  place,  and  the 
oil  is  resolved  into  water,  and  olefiant  and  carburetted 
hydrogen  gases,  with  small  proportions  of  acetic  acid, 
carbonic  oxide,  and  carbonic  acid. 
<  9S9.  Nitric  acid  acts  with  great  energy  on  the  fixed 
oils*  If  the  quantity  be  small  they  are  merely  thick- 
ened  by  the  addition ;  but  if  distilled  with  a  large 
proportion  of  acid,  the  oil  is  decomposed,  nitric  oxide 
disengaged,  and  oxalic  acid  remains  in  the  retort.  If 
the  nitFic  acid  be  in  that  fuming  state  in  which  it  is 
usually  termed  Nitrous  acid,  a  violent  combustion  is 
produced  by  its  afiusioh  on  the  oil :  a  phsenomenon 
which  is  always  ensured  by  mixing  a  small  quantity  of 
sulphuric  acid.  If  a  stream  of  chlorine  be  passed 
through  oil,  a  waxy  substance  results. 

940.  Oil  has  the  property  of  heating  spontaneously, 
and  of  ultimately  bursting  into  flame,  when  allowed 
to  remain,  in  a  state  of  mixture,  with  various  vegetable 
substances.  It  sometimes  ha]:^ns  that  in  boiling 
flowers  and  herbs  in  oil,  as  occurs  in  several  phart 
maceutic  operations,  these  herbs  after  being  taken  out, 
dried,  and  pressed,  inflame  spontaneously.  Care  there- 
fore should  be  taken,  when  such  substances  are  thrown 
aside,  that  they  are  not  thrown  iq  i^  heap  near  other 
combustible  bodies. 

941.  The  ultimate  elements  of  fixed  oil  are  Carbon 
fmd  Hydrogen,  with  a  small  proportion  of  oxygen, 
The  existence  of  this  latter  element  was  long  doubted. 
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until  Sir  H.  Davy  succeeded  in  forming  soap  with  <Hi 
and  Potassium ;  now  to  generate  the  alkali  necessary 
for  this  effect,  it  is  obvious  that  oxygen  must  hav« 
been  furnished  by  the  decomposition  of  the  oiL 

Volatile,  or  Essential  Oils. 

942.  The  property  which  these  bodies  possess  of 
being  volatilized  by  a  heat  below  S12°  suggested  the 
former  of  these  names,  while  their  penetrating « and 
often  fragrant  smell  gave  origin  to  the  latter*  They 
are  usually  obtained  by  distill^  the  v^etables  ii| 
which  they  exist  together  with  a  certain  proportion  of 
water.*  After  this  latter  fluid  is  saturated,  the  oil  sinks 
to' the  bottom,  or  floats  on  its  sur&ce,  according  to  iiUi 
specific  gravity,  which  varies  considerably  in  the  dif«« 
ferent  species ;  thus  oil  of  Sassafras  has  that  of  1*094; 
of  Cinnamon,  1*035;  of  Cloves,  1*034,  while  that  of 
the  oil  of  Turpentine  is  only  '792.  They  do  not  appear 
to  be  capable,  like  the  fixed  oils,  of  combining  with 
the  ajkalies ;  it  is  true  that,  by  long  trituration,  such 
compounds  have  been  formed,  but  in  such  cases  the 
process  appears  to  have  oxidized,  and  converted  them 
into  a  species  of  resin.t  They  are  very  sparingly  solus 
ble  in  water,  but,  such  is  their  penetrating  quality, 
that  the  waters  so  impregnated  possess  valuable  pro* 
perties,  and  are  known  in  pharmacy  by  the  name  of 
Distilled  Waters.  In  alcohol  they  are  very  soluble^ 
^nd  the  compounds  are  termed  Essences.  Nitric  acid, 
when  poured  upon  these  oils,  inflames  ^em«  By  long 
exposure  to  air  they  are  thickened,  a  &ct  which  d&f 
pends  upon  the  absorption  of  oxygen.  When  digested 

'  ^  The  essential  oil  from  the  rinds  of  the  Orange  i|nd  Lemon 
are  obtained  by  expression. 

f  This  fact  is  well  illustrated  by  the  compound,  Icnown  by  the 
name  of  Starkcjf^a  ^«p»  aod  which  is  produced  by  a  ioa^  an«f 
tcdiou$  trituration  of  alkali  with  oil  of  turpentine. 
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with  Sulphur,  they  unite  with  ic,. and  fonn  k  aeries  o£ 
compounds  which  were  formerly  cUstinguished  by  tbei 
term  o{  Balsams  of  Sulphur^  and  which,  when  exposed 
to  a  strong  heat^  yield  a  large  quantity  of  sulphuretted 
hydrogen  gas. 

943.  The  fact  of  these  volatile  oils  passing  into  a 
state  of  vapour  at  a  temperature  below  S12^,  enables 
us  to  distinguish  them  at  once  from  the  fixed  oils ;  for 
if  a  singjle  drop  be  placed  on  white  paper,  the  stain 
will  be  removed  by  holding  it  before  the  fire ;  whereas 
the  greasy  spot  produced  by  the  latter  bodies. is  per* 
lOanent;. 

944.  The  well  known  substance,  Camphor^  i^ 
peai:^  to  be  an  essential  oil  combined  with  some  acid^. 
or  perhaps  a  combination  of  the  same  elements  with  a 
larger  proportion  of  carbon.  In  many  of  its  habitudes 
it  possesses  a  striking  analogy  to  these  oils,  and  even 
some  of  them  deposit  it  on  standing.  Oil  of  Turpen- 
tine may,  moreover,  by  the  action  of  muriatic  acid  be 
converted  into  a  substance  very  much  resembling  cam«« 
phor  in  its  sensible  and  chemical  properties. 

945.  Under  the  division  of  Volatile  Oils,  we  may 
very  properly  introduce  a  class  of  substances  which 
have  been  termed  Gum-Resins,  from  a  supposition 
that  they  were  compounds  of  the  two  proximate  prin- 
ciples aanounced  by  their  name.  Strictly  speaking, 
however,  they  neither  contain  gum  nor  resin;  the* 
peculiar  principle,  mistaken  for. the  former,  possessing 
the  properties  of  Extractive  rather  than  those  of  gum  ; 
while  that,  considered  as  the  latter,  is  a  volatile  sub^ 
stance  intermediate  between  volatile  oil  and  resin. 
They  are  ei^udations  from  certain  plants,  which  becottie 
hard  by  exposure  to  the  air ;  they  are  usually  nearly 
opaque,  brittle,  and  luive  sometimes  a  fatty  appearance. 
They  soften  by  heivt,  and  swell  up  and  burn  with 
^iixjfiCf    They  dissQlyc  })artly  in  wt^r,  and  partly  iii 
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alcohol*  Tbey  are  almost  solely  used  in  medicine, 
Astqfteiiday  Ainmamaeum^  AloeSy  Oamboge^  Myrrh, 
&c.  are  all  Tarieties  of  gnm-nesio.  When  they  contain 
any  portion  of  Benxaic  acid,  they  have  been  termed 
"  Balsams/* 

Wax. 

'  9iS.  This  principle  is  a  product  of  vegetation, 
forming  the  gloss  with  which  the  upper  surface  of  the 
leaves  of  many  trees  is  varnished.  It  may  be  obtained 
by  bruising  and  boiling  the  vegetable  substance  in 
water,  by  which  the  wax  is  separated,  and  will  con- 
crete on  cooling  In  this  manner,  it  has  been  obtained 
from  the  berries  of  the  Myrica  Ceri/era^  and  the  leaves 
and  stem  of  the  Ceroxylon.  It  is,  however,  well 
known  that  the  principal  source  of  this  substance  is 
the  hive  of  the  bee^  In  the  ordinary  state  in  which  it 
occurs,  it  ha9  both  colour  and  smell ;  but  these  may 
be  removed  by  exposure  to  air  and  light.  When 
bleached,  it  has  the  following  properties.  Its  specific 
gravity  is  about  96^ ;  it  is  insoluble  in  water,  and 
fusible  at  a  temperature  of  about  150^ ;  by  a  greater 
heat  it  is  converted  into  vapour,  and  burns  with  a 
bright  flame.  Boiling  alcohol  dissolves  about  one- 
twentieth  its  weight  of  wax,  four-fifths  of  which  sepa- 
rate on  cooling,  and  the  remainder  is  immediately 
precipitated  by  water.  Caustic  alkalies  convert  it  into 
a  saponaceous  compound,  soluble  in  warm  water. 
Fixed  oil  unite  with  wax,  and  form  a  compound  of 
variable  consistency,  which  is  the  basis  of  Cerates^ 

Vegetable  Acids. 

947  The  tnte  vegetable  acids  are  those  which  exist 
ready  formed  in  th^  juices  or  oigans  of  plants,  and 
require  for  their  extraption  only  some  mechanical  pro- 
cess. Others  are  also  obtained  which  appear  to  be 
rather  pfoducU  than  educis,  and  are  eidier  entirely 
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new  arrangements  of  the  elementary  matter  of  the 
plant^  or  native  acids  disguised  by  combination  with 
other  vegetable  principles.  Some  of  the  acids  to  be 
described  will  also  be  found  to  be  both  educts  and 
products,  such  are  the  acetic,  malic,  and  oxalic  acids^ 
948.  The  following  are  the  principal  acids  to  be 
noticed:  they  are  all  distinguished  by  a  sour  taste, 
except  the  Gallic  and  Prussic  acids  ;  of  which  the  first 
has  an  astringent  taste,  the  latter  a  flavour  like  that  of 
bitter  almonds.  They  are  all  soluble  in  water,  and 
combining  with  various  bases,  give  origin  to  peculiar 
salts.     They  are  all  decomposable  at  a  red  heat. 

1.  Acetic.  5.  Malic. 

S.  Benzoic.  6.  Tartaric. 

3.  Citric.  7.  Oxalic. 

4*  Gallic,  8^  Prussic. 

Acetic  Acid. 

949.  This  acid  exists  in  the  sap  of  several  yege* 
tables,  generally  in  combination  with  potass ;  the  juices 
of  the  Bambucus  nigrOj  Phanis  Dactilifera^  Rhus 
Tj/phinusy  afford  it  in  abundance.  It  is  also  an  animal 
acid,  for  sweat,  urine,  and  even  fresh  milk,  contain  it. 
It  is,  moreover,  a  product  of  art ;  strong  acids,  as  the 
sulphuric  and  nitric,  develope  it  by  their  action  on  ve^ 
gctables;  and  various  vegetable  substances  furnish  it 
during  their  decomposition  by  heat;  and,  lastly,  it  is 
a  product  of  an  operation  which  we  have  hereafter  to 
describe  under  the  article,  FermetUation.  Obtained 
from  such  various  sources,  it  is  easy  to  suppose  that  the 
^cid  will  appear  in  different  degrees  of  strength ;  and 
the  earlier  Chemists,  misled  by  this  circumstance,  xe^ 
cognised  the  existence  of  two  acids  of  difierent  d^[rees 
of  oxidizement,  calling  one  the  Acetic,  the  other  the 
Kccipus  acid.  It  is  now,  however,  admitted  that  there 
$i^\^\A  but  one  acid  of  this  description,  and  it  is  termed 
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Acetic  acid.  The  processed  by  which  it  may  h%  pro* 
cured  will  be  described  hereafter.  It  eaimot,  however, 
be  obtained  in  a  perfectly  pure  state ;  the  strongest  acid 
in  a  concrete  form,  termed  Glacialy  containing  accord- 
ing to  the  most  accuiBte  experiments  SI  per  cent,  of 
water,  which  appears  essential  to  its  constitution,  and 
can  only  be  separated  by  combining  the  acid  with  an 
alkaline,  earthy,  pr  metallic  base.  Glacial  acetic  acid 
exists  in  a  crystallized  state  at  the  temperature  of  50^, 
but,  if  kept  perfectly  still,  it  may  be  reduced  several 
d^rees  below  its  crystdlizing  point  in  a  fluid  state, 
when  the  lightest  agitation  of  the  vessel  will  instantly 
occasion  it  to  solidify,  and  shoot  into  beautiful  crystals, 
which  again  liquefy  on  the  application  of  heat.  This 
acid  in  its  fluid  state  has  a  specific  gravity  of  1*063. 
It  has  an  extremely  pungent  smell,  and  is  so  corrosive 
as  to  blister  the  skin.  When  gently  heated  in  a  silver 
spoon  it  is  volatilized,  and  its  vapour  may  be  set  on 
fire*  It  is  the  only  vegetable  acid,  except  the  Prusticy 
that  rises  in  distillation  in  combination  with  water. 
The  most  probable  constitution  of  Acetic  Acid  is  the 
following,  viz.  Carbon  4  atoms  =z  S4  -(-  Oxygen  S  ditto 
^z94f\-  Hydrogen  S  ditto  =  S,  which  will  give  us  50 
as  its  representative  number. 

950.  It  has  been  found  that  the  strength  of  acetic 
acid  is  not  accurately  represented  by  its  specific  gravity. 
If,  for  instance,  to  the  acid  of  sp.  gr.  1*063  we  gradu- 
ally add  water,  we  shall  find,  notvrithstanding  the 
Wftter  is  lighter  than  the  acid,  that  the  density  of  the 
mixture  will  increase  until  it  arrives  at  1  *079 ;  from 
which  point,  the  addition  of  water  will  occasion  a 
regular  diminution  of  specific  gravity.  In  order  there- 
fore to  form  a  correct  estimate  of  the  strength  of  any 
saipple  it  is  plain  that  we  must  seek  (at  some  other 
test^  This  it  is  evident  may  be  derived  from  the  quan- 
tity of  alkaline  or  earthy  substances  required  for  its 
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saturation.*  It  will  greatly  facilitate  our  inquiries 
upon  this  occasion  to  rememberi  that  the  represeotatife 
numbers  of  acetic  acid,  and  pure  white  marble  coin* 
cide;  it  therefore  follows  that  the  weight  of  marble 
dissolved  by  a  hundred  grains  of  any  sample  of  actd^ 
will  at  once  represent  the  percentage  of  real  acid  in 
such  a  sample. 

951.  Such  operations,  however,  involve  a  nicety  of 
manipulation  which  can  scarcely  be  realised  in  the 
ordinary  routine  of  trade.  To  obviate  this  difficulty, 
Messrs.  J.  and  P.  Taylor  invented  an  instrument  termed 
the  AcctometeTy  and  which  has  been  adopted  by  the 
Excise,  for  determining  the  rate  of  duty  on  Vinegar. 
The  acid  is  first  saturated  with  hydrate  of  Lime,  and 
the  specific  gravity  of  the  resulting  solution  is  made 
the  measure  of  the  strength  of  the  acid.  The  Vinegar, 
called  Proof  or  number  24  by  the  manufacturer,  and 
which  is  said  to  contain  b  per  cent.*  of  real  acid,  is 
taken  as  a  standard ;  and,  when  neutralized  by  hydrate 
of  lime,  the  Acetometer  stands  in  it  at  the  mark  on 
the  stem  which  is  called  Proof.  To  keep  the  stem  at 
the  same  mark,  when  immersed  in  stronger  acids  satu- 
rated with  lime,  it  is  loaded  with  a  series  of  weights, 
each  of  which  indicates  5  per  cent,  of  acid  above  proof, ' 
up  to  S5,  which  of  course  contains  5  *j~  35  =  40  per 
cent,  of  real  acid. 

952.  The  habitudes  of  acetic  acid  vary  essentially 
with  its  strength.  The  quantity,  for  instance,  of  cam- 
phor and  essential  oils  which  it  is  capable  of  dissolving 
will  greatly  increase  with  its  concentration,  while  if 
much  diluted,  as  it  exists  in  Vinegar,  it  will  not  exert 
any  action  over  such  substances. 

*  I  must  rdfer  the  reader  for  farther  instructioiB  upon  this 
subject  to  the  Table  iatroduced  into  the  sixth  edition  of  my 
Pharmacologia,  and  which  was  drawn  up  from  a  series  of  expert- 
neati  performed  with  great  care. 

4  It  cootaias  exacUj  4*T3  per  cent  of  real  acidi  bat  see  my 
Pharmacologia,  I.e. 
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053.  Acetic  Acid  fonns  with  the  different  base»  ti 
clasd  of  Salts  called  Acetates^  and  which  are  dfstin-* 
guished  by  the  following  characters.  They  are  mostly 
very  soluble,  deliquescent,  and  difficultly  crystallizable ; 
when  mixed  with  sulphuric  acid,  and  distilled  in  a 
moderate  heat,  they  are  decomposed,  and  acetic  acid 
is  disengaged,  which  is  easily  distinguishable  by  its 
odour.  When  submitted  to  destructive  distillation 
they  furnish  a  modified  vinegar,  which  has  been  termed 
Pyroacetic  Acid,  or  Spirit. 

954.  Acetate  of  Potass  is  generally  prepared 
by  saturating  acetic  acid  with  the  carbonate  of  potass. 
It  usually  occurs  in  the  shops  in  a  foliated  form,  is 
colourless,  and  nearly  inodorous ;  its  taste  is  pungent 
and  saline ;  it  is  very  deliquescent,  extremely  soluble 
in  water,  and  soluble  in  twice  its  weight  of  boiling 
alcohol.  It  constitutes  the  Terra  Foliata  Tartaric 
and  digestive  salt  of  Sylvius  of  old  Pharmapy.  It 
consists  of  one  atom  of  each  of  its  components,  viz. 
60  -f  48  =  98. 

955.  Acetate  of  Ammonia.  This  is  a  very  deli* 
quescent,  and  soluble  salt,  and  cannot  be  easily  crys* 
tallized ;  I  have,  however,  frequently  crystallized  it  by 
submitting  it  to  a  slow  evaporation,  in  contact  with 
sulphuric  acid.  In  solution,  obtained  by  saturating 
distilled  vinegar  with  carbonate  of  ammonia,  it  con- 
stitutes the  lAquor  Ammonias  Acetatis  of  the  Pharma- 
copoeia, which  moreover  contains  a  quantity  of  carbonic 
acid  diffused  through  it,  which  is  proved  by  its  throw* 
ing  down  a  carbonate  of  lead,  whenever  the  acetate  of 
that  metal  is  added  to  it.  It  is  impossible  to  afford 
any  definite  directions  for  the  proportions  of  acid  and 
alkali  to  be  employed  in  its  preparation,  since  both 
ingredients  are  liable  to  vary  in  sti-ength;  the  best 
method  is  to  add  the  alkaline  salt  to  the  acetic  acid, 
and  to  examine  the  state  of  ssaturation  with  test  paper. 
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956.    AcBTATB  OF  Lead.    This  salt  has  been  long 
kno^n  in  phiuinacy  under  the  names  of  Sugar  o/Zjead, 
and  Salt  cfSaiurn.  It  is  formed  by  dissolving  the  car- 
bonate of  lead  in  acetic  actd,  and  then  crystallizing 
the  solution.    These  crystals  are  usually  Tery  small; 
but,  if  they  are  suffered  to  form  slowly,  they  may  be 
obtained  of  considerable  size.    Their  taste  is  sweet 
and  astringent ;  diey  are  almost  equally  soluble  in  hot 
and  in  cold  water,  viz.  to  about  one  fourth  the  weight 
of  the  fluid ;  the  solution  is  decomposed  by  mere  ex- 
posure to  the  mr,  the  carbonic  acid  attracting  the  lead 
and  forming  an  insoluble  carbonate.    It  is  also  partly 
decomposed  by  water  containing  any  carbonic  acid, 
whence  a  solution  so  formed  reddens  litmus,  in  con- 
sequence of  the  disengaged  acetic  acid ;  a  fact  which 
led  chemists  to  regard  the  salt  as  a  Sii|7er-acetate.    It 
is,  however,  now  considered  as  a  neutral  salt  consisting 
of  1  atom  of  acid  =:  60  -f-  1  of  oxide  =:  1 12  -|-  3  of 
water  =  27,  which  give  189  as  its  equivalent  number. 
957.    Sub- Acetate  of  Lead.    If  100  parts  of  the 
acetate  be  boiled  in  water  with  150  of  the  protoxide  of 
lead,  a  salt  is  obtained  which  crystallizes  in  plates,  and 
is  less  sweet  and  soluble  than  the  acetate.     It  has  been 
called  a  Sub^acetaie,  or  sometimes  a  Sub^iri^acetatey 
as  consisting  of  1  atom  of  acid  -|-  3  of  oxide ;  but  the 
more  probable  view  of  its  composition  is  that  it  is  a 
$ub^binacetatey  and  consists  of  1  atom  of  acid  =r  50, 
-f*  8  of  oxide  =:  224,  making  its  representative  number 
=  274.    The  solution  of  this  sub««alt  constitutes  the 
JLiquor  Plumbi  Sub^acetatis  of  the  Pharmacopoeia, 
which,  however,  is  a  variable  preparation.    It  is  even 
more  rapidly  precipitated  by  carbonic  acid  than  the 
acetate ;  and  from  the  strong  attraction  for  vegetable 
colouring  matter,  Mr.  Brande  has  applied  it  with  great 
success  in  his  analysis  of  vinous  liquors. 


61S  .  Acetates  of  Zinc  nnd  Copper. 

S5&  AcBTATB  OF  ZiiTc  may  be  formed  either  di« 
jectly  by  dissolving  the  iMtal,  or.  the  white  oxide  in 
•acetic  acid;  or^by  mingling  the  solutions  of  acetate  of 
lead  and  sulphate  of  zinc ;  by  which  «i  double  decompo- 
sition takes  place,  an  insoluble  sulphate  of  lead  is  preci* 
pitatedy  and  the  acetate  of  sine  remains  in  solution.  By 
leyapomtion  it  affords  a  crystallized  and  beautiful  salt. 
To  produce  a  solution  of  this  salt  for  medicinal  pur- 
poses we  should  add  rather  more  than  two  paits  of  the 
•Acetate  of  Lead  to  one  of  the  Sulphate  of  Zinc^  in 
their  dry  state. 

959*  Acetate  of  Copper.  Three  distinct  com- 
pounds exist  of  acetic  acid  and  peroxide  of  copper,  -viz. 
-the  Subnuietatey  consisting  of  1  acid  -|-  2  oxide ;  the 
acetate  of  1  4*  1 9  <^d  the  Binacetate  of  2  -(- 1.  The 
essential  part  of  that  substance  known  in  commerce  by 
the  name  of  Verdigris^  and  which  is  produced  by  a 
long  continued  exposure -of  copper  to  the  fumes  of 
acetic  acid,  is  a  true  Acetate  of  Copper ^  contaminated, 
howeyer,  with  various  impurities ;  when  acted  upon  by 
water  it  is  decomposed  into  a  green  insoluble  powder 
which  is  a  real  sub^acetatCj  and  into  a  binacetate 
which  remains  in  solution.  This  latter  'salt  is  also 
produced  by  dissolving  ver&^rt^  in  distilled  Vinegar 
and  evaporating  the  solution,  when  it  is  obtained  in 
regular  crystals.  Our  views  respecting  the  true  nature 
of  Verdegris  were  until  lately  erroneous  and  confused, 
but  the  experiments  of  Dr.  Ure  and  Mr.  Phillips  have 
established  the  facts  above  enumerated. 

960.  Acetate  OF  Mercurt.  This  salt  may  be  ob- 
tained by  dissolving  the  peroxide  of  mercury  in  acetic 
acid ;  or,  by  mingling  together  solutions  of  nitrate  of 
mercury  and  acetate  of  potsas,  when  a  double  decom- 
position takes  place,  the  results  of  which  are  acetate  of 
mercury  and  nitrate  of  potass.    This  is  the  process 


Acetic  Acidj  and  the  processes  ^  il9  preparation.  513  * 

directed  by  the  Colleges  of  Dublin  and  Edinburgh. 
The  crystals  have  a  silvery  whiteness,  and  an  acrid  ^ 
taste;  they  are  scarcely  sohible  in  water,  and  quite 
insoluble  in  alcohoL 

961.  The  decomposition  of  the  metallic  acetates 
furnishes  an  easy  method  of  obtaining  strong  Acetic  * 
acid.  The  following  are  the  different  processes  by 
which  this  result  has  been  obtained.  Ist.  Two  parta 
of  fused  acetate  of  potass  are  mixed  with  one  of  the 
strongest  sulphuric  acid ;  the  mixture  is  then  slowly 
distilled  in  a  glass  retort,  and  the  acetic  acid  passes 
over  into  a  refrigerated  receiver.  8nd.  Four  parts  of 
acetate  of  lead  are  treated  in  the  same  manner  with 
one  part  of  sulphuric  acid.  3rd.  Gently  calcined  suU 
phate  of  iron  is  mixed  with  acetate  of  lead,  in  the  pro* 
portion  of  one  of  the  former  to  two  and  a  half  of  the  • 
latter,  and  are  distilled  from  a  porcelain  retort  intp  a 
cooled  receiver.  The  best  process  for  the  strong  acid 
is  that  first  described ;  and  the  cheapest,  the  second 
and  third.  The  distillation  of  the  acetate  of  copper 
or  of  lead  per  se  has  also  been  employed,  but  in  this  • 
case  the  product  is  contaminated  with  the  Pj/ro-acetic 
spirit  (953.)  The  College  of  Dublin  has  preferred  the 
first  process ;  that  of  Edinburgh,  the  third.  The  Lon^ 
don  Pharmacopoeia  formerly  contained  a  formula  which 
consisted  in  decomposing  the  metallic  acetate  by  heat 
alone.  The  Berlin  College  direct  the  decomposition  of 
the  acetate  of  soda  by  means  of  the  bi«sulphate  of  potass. 

962.  The  strong  acetic  acid  now  met  with  in  com* 
merce  is  generally  obtained  from  the  acetate  of  lime, 
which  is  formed  by  saturating  the  acid,  which  distils 
from  wood  during  its  conversion  into  charcoal,  with 
quick-lime.  As  the  operation,  from  its  complete  suc- 
cess, and  general  adoption,  forms  a  subject  of  interest 
to  the  medical  -student,  I  sb^ll  here  introduce  some 
account  of  the  process,  with  a  sketch  of  tlie  apparatus 
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employed,  wfaich  bai  been  Gt^tied  frotn  a  {date  ia  Sir. 
Par^es's  popular  Essays. 

963.  Tlie  wood,  deprived  of  iu  bark,  ia  placed 
within  large  cast-iron  cylinders,  which  are  fixed  hori- 
zontally in  brick-work,  qo  as  to  be  easily  heated  red- 
hot  by  fires  jdaced  beneath  them ;  an  immenee  quantity 
oC  inilammable  gas  is  produced ;  and  an  acid  liquor 
distils  over,  which  was  formerly  considered  to  be  of  a 
peculiar  nature,  and  distinct  from  all  others;  it  was 
named  Pyroligneoui  acid,  and  in  commerce  is  still 
known  by  that  appellation.  It  is,  however^  uollung 
more  than  acetic  acid  holding  in  Boluti<Hi  a  quantity  of 
t«r  and  essential  oil.  The  cylinder  durii^  the  dis- 
tiUaiitm  has  no  communication  with  the  external  air^ 
but  at  two  openings,  the  one  [Jaced  at  its  higher,  the 
other  at  its  lower  part,  and  of  these  the  former  is  des- 
tined to  allow  of  the  eac^M  of  the  acid  and  the  d^Bereat 
gases,  the  latter  to  give  vent  to  the  disengaged  t»r 
which  at  once  flows  into  a  barrd  placed  for  its  recep- 
tion. The  following  sketch  will  serve  to  illustrate  tW 
arrangement  more  satisfactorily. 


'Benzoic  Acid.  515 

Fif.  1.  teppdsents  a  eeccion  of  the  Cylinder  in  it^ 
appropriate  fiimace ;  2,  a  Different  section ;  S,  the 
Elevation  of  the  furnace ;  4,  the  Outer  stopper ;  5,  the 
Inner  Gutter,  which  is  smeared  ronnd  its  edge  with 
clay<'l(ite,  and  secured  to  the  mouth  of  the  cylinder. 
D  is  the  Pipe  for  conyeying  off  the  acid  into  the  Casks 
H,  which  are  connected  by  the  Adapters  6 ;  E  is  the 
Tar  pipe^  which  communicates  with  the  Tar  recercei^ 
P.  The  escape  of  the  elastic  fluids  is  provided  for  by 
bent  tubes  inserted  in  the  casks,  and  terminating  under 
the  surface  of  water.  The  average  quantity  of  impure 
acid  obtained  from  each  cwt.  of  wood  is  about  fbuf 
gallons  and  a  half.  It  is  much  contaminated  with  tar ; 
is  cpf  a  deep  brown  ;  and  has  a  specific  gravity  of  1-0S5. 
This  crude  acid  is  rectified  "by  a  second  distillation  in 
a  copper  still,  in  the  body  of  which  about  SO  gallons 
of  viscid  tarry  matter  are  lefl  fi*om  every  100.  It  has 
now  become  a  transparent  brown  vinegar.  By  i^edis*^ 
filiation,  saturation  with  quick-lime,  evaporation  of  the 
liquid  acetate  to  dryness,  and  gentle  torrefaction,  the 
empyteumatic  matter  is  so  completely  dissipated^  that 
on  decomposing  the  calcareous  salt  by  sulphuric  acid, 
a  pare,  perfectly  colourless,  and  grateful  vinegar  rises 
in  distillation.  The  strength  of  which  will  be  propor- 
tional to  the  concentration  of  the  decomposing  acid. 

Benzoic  Acid. 

« 

964.  This  acid  was  first  described  by  Blaise  de 
Vigenere  in  1608,  and  has  been  generally  known 
by  the  name  of  flowers  of  Benzoin  or  Benjamin/ 
it  having  been  originally  obtained  by  sublimation  from 
a  resin  of  that  name.  As  it  continues  to  be  obtained 
from  this  substance  it  had  preserved  the  epithet  Benzoic, 
though  known  to  be  a  peculiar  acid,  existing  not  only 
in  Benxoin,  but  in  various  gum*rcsins,  and  aromatic 
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vegetables,  as  in  cinnancion,  cloves,  &c  It  has  dso 
been  found  in  the  urine  of  man  and  herbivorous  quad** 
rupeds. 

965.  There  are  two  principal  processes  by  which 
this  acid  may  be  obtained  from  Gum  Bensoiny  each  of 
which  has  been  succesHively  adopted  by  the  CoU^e  ; 
the  one,  by  sublimation,  is  now  considered  as  th« 
easiest  and  most  eeconomical;  the  other  consists  in 
boiling  the  powdered  resin  with  lime  water,  and  after* 
wards  separating  the  lime  by  the  addition  of  muriatic 
acidy  and  then  subliming  the  Benzoic  acid  thus  preci** 
pitated, 

966«  When  pure,  this  acid  is  crystallized  in  soft, 
colourless,  feathery  crystals,  which  are  distinguiahed 
by  ductility  and  a  certain  degree  of  elasticity ;  when 
rubbed  in  a  mortar  it  passes  into  a  state  of  paste.  It 
is  inodorous,  although  as  generally  met  with  it  has  a 
slight,  but  not  disagreeable  smell,  owing  to  the  ia^p^v 
feet  separation  of  the  empyreumatic  oily  matter.  That 
this  odour  does  not  belong  to  the  acid  is  evident,  Sar 
we  are  informed  by  M .  Giese,  that  on  dissolving  it  in 
as  little  alcohol  as  possible,  filtering  the  solution,  and 
precipitating  by  water,  the  acid  will  be  obtained  pui«, 
and  void  of  smell,  the  odorous  oil  remaining  dissolved 
in  the  spirit^  It  is  not  perceptibly  altered  by  the  air, 
and  has  been  kept  for  twenty  years  in  an  open  vessel, 
without  losing  any  pf  its  weight.  None  of  the  com- 
bustible bodies  have  any  effect  upon  it ;  but  it  may  be 
refined  by  mixing  it  with  charcoal  powder  and  sublim- 
ing ;  by  which  it  becomes  much  whiter,  and  is  better 
crystallized.  Its  taste  is  rather  acrid,  but  scarcely  sour; 
it  however  reddens  the  colour  of  Utmus.  By  a  mode- 
rate heat  it  is  volatilized  i^  li^rhite  fumes.  It  requires  for 
solution  about  24  times  its  weight  of  boiling  water, 
which,  as  it  cools,  lets  fall  ^^ths  of  what  it  had  dis« 
spUcd.    It  h  much  mure  soluble  in  alcohol,  «nd,  oa 
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Mposure  erf  the  solution  to  the  air,  the  alcohol  eyapo* 

rates,   and  the  acid  separates  in  prismatic  crystals. 

With  alkaline,  earthy,  and  metallic  bases  it  forms  a' 

^lass  of  compounds  called  Benzoates. 

'  967.     It  consists  of  carbon,  oxygen,  and  hydrogen, 

bnt  the  proportions  have  not  been  satisfactorily  esta- 

blished« 

CiTBic  Acid* 

968.  This  acid  exists  abundantly  in  the  juice  of 
lemons,  citrons,  limes,  and  a  variety  of  other  fruits. 
The  celebrated  Scheele  first  succeeded  in  obtaining  it 
in  a  solid  form,  and  his  process  has  been  adopted 
throughout  Europe;  there  being  no  other  means  yet 
discovered  of  effecting  the  object.  It  has  indeed  been 
attempted  by  the  action  of  alcohol  on  Lemon  juice, 
but  this  agent  effects  the  purpose  very  imperfectly ;  it 
will  readily  separate  the  mucilage,  but  it  has  not  the 
power  of  removing  either  the  sugar  or  extractive  mat- 
ter. M.  Georgius,  a  Swedish  chemist,  proposed  to 
obtain  the  pure  acid,  by  the  application  of  cold ;  in 
this  manner  the  juice  may  certainly  be  reduced  to  an 
eighth  part  of  its  original  bulk,  by  carefully  removing 
the  ice  as  it  forms;  but  after  it  has  been  thus  con- 
densed, still  enough  of  the  extractive  matter  will 
remain  in  it  to  prevent  the  crystallization  of  the  acid. 
After  the  publication  of  this  method,  M.  Du  Buisson 
of  Paris  announced  another  process  for  concentrating 
and  preserving  lemon  juice.  This  consisted  in  redu- 
cing its  quantity  by  the  action  of  a  gradual  heat,  kept 
up  for  a  considerable  time,  which  has  the  eflect  of 
thickening  the  mucilaginous  matter,  and  occasioning 
its  separation  in  a  glutinous  mass  on  the  surface  of  the 
liquor.  When  this  is  removed,  the  remaining  juice 
tpay  be  preserved  unaltered  for  a  long  period.  Both 
these  proposals  may  be  viewed  as  apprqxiiiiiations  to* 
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wards  the  developement  and  complete  aeiparation  ef 
the  acid|  as  eifected  by  Scheele,  whose  process  we  bate 
now  to  examine. 

969.  Scheele^s  method  c(>nsi8ts  in  separating  the 
real  acid  by  means*  of  carbonate  of  lime,  and  then  de- 
composing the  citrate  of  lime  bj  the  intermediam  of 
sulphuric  acid.  Lemon  juice  is  an  aqueous  solution 
of  citric  acid  mixed  with  mucilage,  extractive  matter^ 
sugar,  and  a  small  proportion  of  Malic  acid.  When 
chalk  is  added,  the  citric  acid  combines  with  its  basis, 
and  forms  citrate  of  lime,  and  the  carbonic  acid  is 
disengaged*  The  citrate,  being  but  slightly  soluble, 
precipitates;  the  supernatant  liquor  will  contain  aU 
the  other  elements  of  the  juice,  and  is  to  be  separated 
by  means  of  a  syphon.  The  citrate  of  lime  when  heated 
in  diluted  sulphuric  acid  is  decomposed ;  the  sulphate 
of  lime  formed  subsides,  on  account  of  its  insolubility, 
while  the  citric  acid  separated  from  the  lime'  remains 
in  solution,  and  by  evaporation  yields  crystals. 

970.  Citric  &cid  is  colourless,  inodorous,  and  ex* 
tremely  sour ;  by  exposure  to  a  damp  atmosphere  the 
crystals  slightly  absorb  water.  It  is  very  soluble  in 
water,  but  the  solution  becomes  mouldy  by  long  keep- 
ing, and  is  ultimately  changed  into  acetic  acid.  The 
crystals,  according  to  Berzelius,  consist  of  one  atcMii 
of  acid  and  two  atoms  of  water.  When  treated  with 
about  three  times  its  weight  of  nitric  acid,  the  citric 
acid  is  converted  partly  into  the  oxalic,  of  which  it 
yields  half  its  weight ;  as  the  proportion  of  nitric  acid 
is  increased,  that  of  the  oxalic  is  diminished,  till  at 
length  it  disappears  altogether,  and  acetic  acid  a[q>ears 
to  be  formed. 

971.  Citric  acid  combines  with  various  bases,  and 
forms  a  class  of  salts  called  Citrates.  Like  the  Acetic 
acid,  it  is  a  compound  of  oxygen,  hydrogen,  and  car- 
bon ;  the  prc^rtions  of  which,  as  deduced  from  the 
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loi&Iysis  of  BefrediuB,  are,  of  oxygen  1,  carbon  4,  and 
hydrogen  2  atoms ;  the  equivalent  nuknber  therefore  of 
drj  citric  acid  Will  be  58,  and  consequently  that  of  its 
(Crystals,  containing  0  atoms  of  water,  S8  -4-  18  =  t6. 

Gallic  Acid. 

972*  This  acid  usually  exists  in  those  different 
Vegetable  substances  which  are  characterised  by  astrin* 
gency,  but  most  abundantly  in  the  excrescences  termed 
Galhy  or  Nut-galls,  tn  the  experiments  of  Sir  H. 
Dary,  400  grains  of  a  saturated  infusion  of  galls 
jrielded,  by  eraporation^  53of  solid  matteri  composed 
of  nine-tenths  tannin,  and  one-tenth  gallic  acid.  The 
pure  acid  may  be  obtained  by  the  mere  exposure  of 
this  infusion  to  the  air,  which  will  thus  become  mouldy, 
and  be  covered  with  a  thick  glutinous  pellicle ;  under 
the  surface  of  which,  as  well  as  on  the  sides  of  th^ 
Vessels,  small  yellowish  crystals  will,  after  the  repose 
of  two  6t  three  months,  present  themselves.  These 
crystals,  according  to  Berzelius,  contain  both  gallic 
acid  and  tannin,  and,  in  order  to  separate  the  former, 
they  must  be  dissolved  in  alcohol,  and  the  solution  be 
cautiously  evaporated  to  dryness.  There  are,  however, 
itevend  more  Nummary  processes  for  the  preparation  of 
this  acid,  vie.  1.  By  Sublimation.  If  pounded  nut- 
galls  be  introduced  into  a  large  retort^  and  heat  be 
slowly  and  cautiously  applied,  the  gallic  acid  will  rise, 
and  be  condensed  in  the  neck  of  the  retort  in  shining 
white  crystalline  plates.  But  this  process  requires 
gneat  cafe,  as,  if  the  heat  be  carried  so  far  as  to  dis- 
engage the  oil,  the  crystals  will  be  immediately  dissolv- 
ed; Snd.  By  removing  the  Tannin  from  the  infusiorty 
by  muriate  of  Tin.  For  this  purpose  the  muriate  must 
be  added,  until  no  more  precipitate  falls  down ;  the 
Mcea^  of  oxide,  remainit^  in  the  solutf^,  may  then 
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be  precipitated  by  sulphuretted  hydrogen  gas,  and  the 
liquor  will  yield  crystals  of  gallic  acid  by  er^porationu 
According  to  Haussman  about  three  drachms  of  gallic 
acid  may  be  thus  obtained  from  an  ounce  of  gaUs» 
3d.  By  removing  the  Tannin  and  Extractive  from  the 
Decoction  hy  means  of  pure  Alumina.  In  this  case 
the  Alumina  is  obtained  by  precipitation  from  Alum 
with  carbonate  of  potass  ;  the  precipitate  is  to  be  well 
washed  and  digested  with  a  decoction  of  galls  for 
twenty-four  hours,  taking  care  to  shake  the  mixtiire 
frequently  during  this  interval.  The  solution,  when 
filtered,  will  yield  the  crystallized  acid,  on  gentle 
evaporation.  For  this  simple  process  we  are  indebted 
to  Mr.  Fiedler* 

973.  The  deposit  which  forms  in  the  inflisicm  of 
galls  left  to  itself,  has  been  found  by  M.  Chevreul  to 
contain,  besides  gallic  acid,  another  peculiar  acud 
which  M*  Braconnot  has  proposed  to  call  EUagie 
acid,  from  the  word  Oalle  reversed.  It  is  probable 
that  this  body  does  not  exist  ready  formed  in  nut-galls^ 
but  is  the  gaUic  acid  slightly  modified.  It  isinsoluble^ 
and  carrying  down  with  it  the  greater  part  of  the  galUe 
acid^  foitns  the  yellowish  crystalline  deposit,  of  which 
we  have  already  spoken.  Boiling  water,  however,  re* 
moves  the  gallic  from  the  ellagic  acid;  whence  thi^ 
ineans  of  separating  them  from  each  other. 

974.  The  pure  gallic  acid  has  the  following  proper* 
tiss.  Its  crystals  have  an  acido«astringent  taste ;  whea 
placed  on  a  red-hot  iron,  they  bum  with  flame,  and 
emit  an  aromatic  smell,  not  unlike  that  of  benzole 
acid.  They  are  soluble  in  about  34  parts  of  cold^  or 
in  3  of  boiliiq^  water.  Alcohol,  when  cold^  dissolves 
one-fourth,  or  an  equal  weight  when  heated*  This 
acid  effervesces  with  alkaline,  but  not  with  eardiy^  c«r» 
bonatesu  By  uitric  acid  it  is  converted  into  the  ozalici 
In  its  coml;^ations  with  the  salifiable  bases,  it  pre* 
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0enta  some  remarkable  phaenomena.  It  unites  with 
alkaline  solutions  without  producing  any  depoeii ;  but 
from  the  watery  solutions  of  lime,  baryta,  and  strontia^ 
it  occasions,  at  first,  a  greenish  white  {xecipitate,  whicli 
changes  to  a  violet  hue,  and  eventually  disappears,  aa 
the  quantity  of  acid  is  increased.  Its  most  distinguish^ 
ing  characteristic,  however,  is  its  affinity  for  metaUic 
oxides,  by  which  it  is  enabled  to  decompose  the  di£t 
ferent  metallic  salts,  and  to  form  a  precipitate  distinc<« 
live  of  each ;  but,  in  order  to  produce  this  effect,  it 
generally  requires  to  be  combined  with  tannin;  a  state 
of  union,  indeed,  in  which  it  almost  always  exists  in 
astringent  vegetables.  The  more>  readily  the  metallie 
oxide  parts  with  its  oxygen,  the  more  is  it  altered  by 
the  gallic  acid.  To  a  solution  of  Gold  it  imparts  % 
green  hue,  and  throws  down  a  brown  precipitate^ 
which  readily  passes  to  the  metallic  state,  and  covers 
the  solution  with  a  shining  gold  pellicle*  With  tho 
nitric  solution  of  silver,  it  produces  a  similar  efi^t* 
Mercury  it  precipitates  orange ;  Lead,  white ;  Bismuth, 
yellow ;  Copper,  brown ;  and  Iron  of  a  deep  purple  oc 
black.  Platinum,  Zinc,  Tin,  Cobalt,  and  Manganese^ 
are  not  precipitated  by  it.  Of  these  compounds  the 
TannO'Gallale  of  Iron  is  of  the  most  importance,  st» 
forming  the  basis  of  writing  ink  ;  and  as  indicating  by. 
its  formation,  the  presence  either  of  iron  or  gallic  acid, 
according  as  one  or  the  other  of  these  bodies  is  applied. 
In  order,  however,  to  produce  this  characteristic  com- 
pound, the  iron  roust  exist  in  the  state  of  per-oxide, 
for  the  jpro/«oxide  does  not  form  a  black  compound 
with  these  substances.  It  is  true  that  iron  filings  will 
dissolve  in  an  infusion  of  galls,  with  an  extrication  of 
•hydrogen  gas;  but  the  compound  is  not  black  till  after 
exposure  to  air,  which  oxidizes  the  iron  ^titl  fiurther* 
Upon  the  «ame  principle  the  colour  of  ink  is  destroyed 
by  metallic  iron,  or  by  a  stream  of  sulphuretted  hydro* 
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gen.  In  both  these  comb  the  oxide  of  iron  undeigoee 
a  partial  deoxidation.  We  are  thus  also  enaMed  to 
explain  why  ink,  at  first  pale,  becomes  black  fay  er* 
posure  to  air.  As  the  Tanno^OallaU  is  decomposed  by 
alkalies,  the  colour  of  writing  ink  is  dischai^ed  by  the 
action  of  these  bodies,  the  characters  becoming  hrowtk^ 
and  an  oxide  of  iron  alone  remaining  on  the  paper  $ 
but  the  fresh  application  of  an  infusion  of  gallt  will 
take  up  this  oxide,  and  the  character!  be  again  ren<* 
dered  tegible.  In  this  manner  a  spot  of  ink  on  Uneti 
is  immediately  decomposed  on  the  contact  of  soap^  atid 
the  oxide  of  iron  being  precipitated  constitutes  an  tran 
mouldy  for  the  removal  of  which  citric  acid  is  usually 
recommended ;  but  after  it  has  remained  long  on  the 
cloth,  the  iron  acquires  a  degree  of  oxidation  which 
renders  it  insoluble  in  that  acid ;  in  which  case,  it  may 
be  washed  with  a  solution  of  sulphuiet  of  potass,  or 
be  wetted  with  some  recent  ink,  by  which  the  oxide 
will  be  sufficiently  deoxidized  to  render  it  iioluble« 
Mr.  R.  Phillips,  in  his  elaborate  analysis  of  the  Bath 
water,  discovered  the  very  curious  and  important  fact, 
that  carbonate  of  lime  possesses  the  power  of  modify- 
ing the  habitudes  of  gallic  acid  with  the  oxidea  of 
iron.  He  found  that  it  increased  the  action  of  tincture 
of  galls  upon  the  i^ro^oxide  of  iron ;  while,  on  the  con- 
trary, it  diminished  its  power  in  detecting  the  per- 
oxide. 

975.  It  has  been  doubted  whether  gallic  acid  may 
not  be  a  modification  of  the  acetic ;  but  Dr.  Henry 
justly  observes  that  there  does  not  appear  to  be  suf- 
ficient grounds  for  denying  the  distinct  nature  of  a 
compound,  which  is  distinguished  by  so  many  striking 
peculiarities.  It  is  far  more  reasonable  to  consider  it 
as  a  modification  of  Tannin,  for  not  only  is  4t  gene- 
rally associated  with  that  principle  in  nature,  but  the 
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iaiest  experimenUi  have  sherwn^  that  it  differs  only  from 
it  in  chemical  compoeition  by  containing  an  atom  leis 
of  oxygen. 

Malic  Acid. 

076.  This  acid  was  first  obtained  from  Apples, 
whence  its  name ;  it  exists,  however,  in  the  juice  of 
various  fruits  mixed  with  the  citric,  and  occasionally 
with  other  acids.  It  may  be  obtained  most  conve* 
oiently,  and  in  greatest  purity,  from  the  berries  of  the 
mountain  ash,  called  SarbuSy  or  Pj/rus  Aucuparia/ 
when  first  discovered  in  these  berries,  it  was  regarded 
by  Vauquelin  as  a  new  acid,  and  it  received  the  name 
of  Sorbic  acid.  But  it  now  appears  that  the  sorbic 
and  pure  malic  acids  are  identical.  It  also  exists  in 
jLemon  juice,  and,  since  it  forms  a  soluble  salt  with 
lime,  it  may  be  easily  separated  during  the  process  of 
.extracting  citric  acid«  Upon  the  same  principle  it  is 
to  be  obtained  from  various  other  juices ;  chalk  must 
be  added  to  saturation,  the  precipitate  washed  with 
boiling  water,  which  takes  up  the  Malaie  of  limey  the 
solution  of  which  may^  then  be  decomposed  by  sul- 
phuric acid. 

977.  The  Malic  acid  is  liquid,  and  incapable  of 
being  crystallized;  for  when  evaporated,  it  becomes 
thick  and  viscid,  like  syrup.  It  is  very  soluble  in 
water,  and  in  alcohol.    Nitric  acid  converts  it  into  the 

'oxalic.  It  unites  with  alkalies,  earths,  and  the  oxides 
of  metals,  forming  Malates.  When  heated  out  of  con- 
tact of  air,  it  sublimes  and  assumes  new  characters,  in 
which  state  it  has  been  termed  Pyro^maiic  acid. 

Oxalic  Acid« 

978.  This  acid  exists  In  the  Juice  of  the  Wood 
Sorrel)^  O^aiifi  AcetQ^ellay  ^and  hen«e  its  na^e.  H  ^ 
however,  an  abundant  product  as  well  as.  educt  <if 


SSI  Whence  Oxalic  Acid  is  obtidned. 

Tegetable  matter ;  and  for  the  Tarioiis  purposes  of  ait 
it  is  fimnd  more  4Sconoinical  to  form  it  artificially, 
than  to  elicit  it  from  those  combinations  in  which  it  is 
produced  by  nature.  Bergman  was  the  first  chemist 
who  discovered  that  a  powerfiil  acid  might  be  extracted 
firom  sugar  by  means  of  the  nitric ;  and  Scheele  that  it 
Was  identical  with  that  existing  naturally  in  sorrel. 
The  following  is  the  process  usually  followed  for  its 
preparation. 

979.  To  six  ounces  of  nitric  acid  in  a  stoppered 
retort^  to  which  a  large  receiver  is  luted,  add,  by  de^ 
grees,  one  ounce  of  lump  sugar*  coarsely  powdered. 
A  gentle  heat  may  be  applied  during  the  solution,  and 
tiitric  oxide  will  be  evolved  in  abundance.  When  the 
'whole  of  the  sugar  is  dissolved,  distil  off  a  part  of 
the  acid,  till  what  remains  in  the  retort  has  the  con* 
sistence  of  syrup,  and  this  will  form  regular  crystals, 
amounting  to  58  parts  from  100  of  sugar.  These  crys- 
tals must  be  dissolved  in  water,  re-crystallized,  and 
dried  on  blotting  paper. 

980.  By  this  operation,  the  sugar  is  converted  into 
oxalic  acid  by  the  loss  of  soma  carbon  and  hydrogen, 
and  the  acquisition  of  more  oxygen. 

981.  The  crystals  as  usually  found  in  the  shops  are 
too  small  to  exhibit  their  form  with  distinctness ;  bat, 
when  of  a  lai^r  size.  Dr.  Henry  states  that  they  have 
the  figure  of  a  four-sided  prism,  whose  sides  are  alter- 
nately larger,  terminated  at  their  extremities  by  dihedral^ 
Bummits.  Their  taste  is  strongly  acid,  and  they  act 
very  powerfully  on  vegetable  blue  colours ;  one  grain, 
even,  when  dissolved  in  S600  grains  of  water,  redden^ 

*  A  variety  of  other  substancss  afford  the  oxalic  acid,  when 
treated  by  distillation  with  the  aitric ;  e.  g.  Honey ;  gum  anbic ; 
alcohol;  aaimal  calcnii;  acid  of  cherries;  tartaric  acid;  citiic 
aeid;  wood i  nlk;  hair;  tendoas;  wool ;  animal  albumea %  feeola; 
gluten;  &c.  &c. 


lis  crystals  resembU  those  o/EpsSm  Salt.     S95 

the  coloar  of  litmus  paper.  Wben  exposed  to  the  air, 
they  effloresce ;  they  dissolve  in  twice  their  weight  of 
water  at  65"^,  and  in  an  equal  weight  of  boiling  water* 
They  are  also  soluble  in  boiling  alcohol,  which  iakeit 
up  half  its  weight ;  and,  though  sparingly,  in  sethen 
By  a  red  heat  they  are  decomposed ;  at  first  swelling, 
tad  abandoning  a  large  quantity  of  water;  after  th» 
operation  nothing  remains  but  charcoal* 
.  982»  From  the  resemblance  which  these  crystidi^ 
bear  to  those  of  Epsom  salt,  many  fatal  mistakes  have 
arisen,  and  various  measures  have  been  proposed  for 
preventing  the  recurrence  of  such  accidents;*  butatf 
they  are  hastily  dissolved  and  swallowed  by  the  unwal'y, 
it  is  impossible  that  any  chemical  test,  however  deli« 
eate,  should  answer  the  purpose.  The  acid  taste  is  io 
itself  a  sufficient  mark  of  distinction ;  or,  without  tstst*' 
ing  it,  if  a  few  dropB  of  water  be  placed  on  a  slip  of  the 
fiark  blue  paper  which  is  commonly  wiapped  round 
sugar  loaves,t  and  a  small  quantity  of  the  suspected- 
crystal  be  added,  if  it  be  oxalic  acid,  it  will  changes 
the  colour  of  the  paper  to  a- reddish  brown «  The  solu-' 
tion  also  of  a  small  quantity  of  this  acid  in.  a  little* 
water,  will  effervesce  with  common  whiteing,  an 
effect  which  is  never  produced  by  Bpsom  salt.  From 
the  history  of  the  many  eases  on  record,  it  appears  that 
this  acid  produces  all  the  grievous  symptoms  which 
diarticterize  the  action  of  a  corrosive  poison.  The  in-' 
Btant  that  the  accident  is  discovered,  we  should,  as 
quickly  as  possible,  endeavour  to  form  an  insoluble 
oxalate  of  lime ;  copious  draughta  of  lime-water,  or 
magnesia  and  water,  should  be  administered ;  and  vo^ 
■uiing  immediately  excited. 

■T"'-^  ,■■       I  I      II  ■■■■      - ■■..,■■        ■■II  I  I I 

*  See  our  work  on  Meoicai.  JuaispRUDENCEy  voL  i.  14 1>  aud* 
ii.  315. 

f  It  would  be  well  were  Chemists  to  sell  the  Oialic  acid  id 
packets  covered  with  such  paper. 
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98S.  Okttlic  acid  forms  with  the  salifiable  bases  a 
'class  of  Salts  termed  OxalaieSy  which  are  distiogiiislMd 
by  the  following  characters.  They  are  decomposed  by 
heikt,  and  form  with  lime-water  a  white  precipitate, 
which,  after  being  exposed  to  a  red  heat,  is  soluble  in 
acetic  acid.  The  earthy  oxalates  are  Teiy  sparingly 
soluble  in  water ;  the  alkaline  oxalates  are  capable  of 
combining  with  excess  of  acid,  and  thus  become  less 
s6lable.  The  number  representing  the  oxalic  acid, 
founded  upon  the  analysis  of  its  salts,  is  S6 ;  whea  crjs« 
tallized,  it  contains  four  atoms  of  water  (9  X  4)  wUcii 
will  give  us  72  as  its  equivalent. 

984^  Oxalate  of  Ahmokia.  This  salt  crystal-* 
Uses  in  long  transparent  prisniS)  of  which  4&  parts  rs* 
quire  1000  of  water  for  their  solntion*  It  is  of  great 
vidue  as  a  chemical  reagent,  for  it  piectjHtates  Vobb 
firom  almost  all  its  soluble  combinations;  in  uai^g, 
however,  this  precipitsAt,  vfe  must  take  care  that  the 
solution  to  which  it  is  applied  contains,  no  excess  of 
acid,  for  fiesh  precipitated  oxalate  of  lime  is  aduUe  in 
nitric  and  muriatic  acid.  It  ccMisists  of  1  atom  of  bass 
=r  17,  4^  1  atom  of  acid  n  36^  which  will  give  ua  53 
as  its  equivalent ;  or,  in  its  crystallised  state  (5S  -f-  9^) 
60,  for  it  contains  one  atom  of  water. 

985.  Oxalate  ov  Potass  forms  flat  oblique  four* 
sided  prisms  soluble  in  three  parts  of  water  at  60*^.  It 
consists  of  an  atom  of  eadi  constituent,  viz*  Sfi  -f-  48 
=  84. 

986*  BuvoxAUiTE  OF  Potass  exists  in  the  juice 
of  the  Ossalis  Acetoselloj  or  of  the  Rumex  AtetasOj 
and  is  commonly  sold  under  the  name  of  Salt  ofSorrelj 
or  Essential  Salt  of  Lemons*  It  fomis  ssudl  while 
parallelopipeds,  or  rhomboids  approaching  to  cubes ; 
its  taste  is  acidulous  mixed  with  that  of  bitterness.  It 
contains  two  atoms  of  acid  to  e^h  atom  of  base ;  and 
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i^ffiordiagly  it^  i^r^Mntauye  nmnber  >iviU  be  (36  -^  36 
+48)  J20. 

.  98T*  QuAi»»0XALATE  OF  PoTA8«  may  be  formed 
by  digesting  tbQ  binosaiaie  in  dilute  nitoe  acid,  a  por« 
tjipa  q£  tbe  allc^dine  base  is  taken  up,  and  a  salt  remains 
iwhicii  is  a  tme  quadroxaUte,  being  constituted  of  4 
atQUia  of  acid  tq  one  of  base,  t)ia.  36  X  4  =  144  -f*  48 
:;=192. 

.  968.  Tbe  analysis  of  tbe  aboTe  salts  furnishes  an 
admirable  exemplification  of  the  beautiful  law  of  sim- 
pie  multiples  (856,) 

.  989«  Tbe  O^g^alaies  ofBaryiOy  Magnesia,  and  Ldmey 
are  Yiery  nearfy  insoluble  in  water.  The  latter  sah  eon- 
sjUtqytes  the  principal  ingredient  of  that  species  of  cal- 
culus which  is  termed  the  Mulberry  cakulns. 

Tartaric  Acid. 

:  990^  It  has  been  long  known  that  the  casks  in 
which  eenain  wanes  are  kept  become  iacrasied  with  a 
hard  substance,  tinged  with  the  cokMuring  matter  of 
tbe  wine,  and  which  has  been  called  Argal  or  Tartar* 
Tlus,  when  purified  by  solution  and  crystailixation, 
constitutes  Cream  of  Tartar j  and  was  long  considered 
4S  a  product  of  fermentation.*  Boerhaave,  Newman, 
and.  others,  howerer,  shewed  that  it.  existed  ready 
formed  in  the  juice  of  the  grape.  It  has  also  been 
found  ia  other  finiats,  particularly  before  they  become 
completely  ripe.  From  this  salt.  Tartaric  acid  may 
be  procured  by  a  process  which  is  now  introduced  intoi 
the  London  Pharmacopoeia.  It  conrists  in  boiling' 
cream  of  tartar  in  water,  and  gradually  adding  chalk 
to  the  solution  until  tlie  effervescence  ceases.  The 
mixture  is  then  sec  aside,  to  allow  the  subsidence  of 

•  m  ■  -     .P .  ■  ■  ■ ■■.  II  . 

f  An  old  chemical  writer  records  this  opinion  hj  the  foliowiug 
quaint  metaphor.  **  Tartar  has  Bacehtts  for  its  fiilher ;  Fermen- 
tmihm  for  its  metkcr  i  aad  tile  Cm^  fer  its  matrix. 
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the  precipitate  formed,  which  is  afl^rwardb  Waabed, 
and  decomposed  by  Sulphuric  acid,  when  the  Tartaric 
acid  thus  Ubenited  wQl  assume  a  cryBtalline  form. 
The  theory  of  the  process  is  simply  this ;  Cream  of 
Tartar  is  a  saline  compound  consisting  of  potaas  and 
Tartaric  acid,  the  latter  being  in  excesa  so  a»  to  ibmi 
an  acidulous  salt*  When  carbonate  of  lime  (Chalk} 
is  added  to  the  solution,  it  is  decomposed  by  the  excess 
of  Tartaric  acid ;  carbonic  Acid  is  cToWed,  and  a  tar- 
irate  of  Ume  precipitated.  The  Cream  of  Tartar,  thus 
deprived  of  its  excess  of  acid,  is  conrerted  into  a  nea* 
tral  tartrate,  and  remains  in  solution.  When  the  Tar- 
trate of  Lime  is  mixed  with  sulphuric  acid,  it  is 
decomposed,  owing  to  the  superior  affinity  of  the  acid 
for  the  lime,  and  the  sulphate  of  lime  precipitating,  the 
Tartaric  acid  remains  in  solution*  It  is,  however,  evi- 
dent that,  by  such  a*  process,  that  portion  only  of  Tar- 
taric acid  is  obtained,  which  exists  in  the  Tartar,  in 
excess  above  the  quantity  necessary  lor  the  neutrali* 
sation  of  its  potass*  In  order  to  obtain  the  whole  of 
the  acid,  we  must  afterwards  add  muriate  of  lime  to 
the  supernatant  neutral  tartrate,  by  which  meaoa  it  it 
completely  decomposed* 

991*  Tartaric  acid  is  colourless,  inodorous,  and 
very  acid  and  agreeable  to  the  taste,  so  that  it  maj 
supply  the  place  of  lemon  juice.  It  forms  regular 
crystals  of  considerable  size^  the  primary  form  of  which 
is  an  oblique  rhombic  prism.  They  undergo  watery 
fusion  at  a  heat  a  little  exceeding  Si2^*  For  solution, 
the  crystals  require  five  parts  of  water  at  60^ ;  but  they 
are  much  more  soluble  at  212^.  The  solution  acquires 
a  mouldy  pellicle  by  keeping*  The  crystals  are  de* 
composed  by  the  sulphuric  and  nitric  acids,  and  if  the 
latter  be  concentrated,  the  tartaric  will  be  converted 
into  the  oxalic  acid ;  by  digestion  with  water  and  al- 
cohol it  will  be  changed  into  the  acetic  acid*    Tartaric 
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acid,  in  its  anhydrous  .%\At^y  cooBists  of  carbon  4  atones 
--|-  oxygen  5  ditto  -(-.hydrogen  2  ditto^  which  will  give, 
us  66  as  its  representative  number.  The  crystals  ar^ 
composed  of  1  atom  of  acid  -(-  1  atom  of  water,  which 
will  make  its  equivalent  (66-1-9)  =  75.  In  referring, 
to  citric  acid  it  will  be  seen  (hat  its  equivalent  is  76. 
Whence  we  may  consider  the  saturating  power  of  the 
qrystallized  tartaric  and  citric  acids  as  equal ;  a  fact 
which  should  be  kept  in  remembrance  by  the  medical 
student. 

9^.  Tartaric  acid  forms  with  different  bases  a  cl^ss. 
of  Salts  called  Tartrates^  which  are  characterised  by 
the  following  properties.  They  are  converted  into 
Carbonates  by  a  red  heat.  Those  with  earthy  baaes 
are  scarcely  soluble  in  water ;  the  alkaline  tartrates  are« 
soluble;  but  when  combined  with  excess  of  acid,  they 
become  much  less  so. 

9193.  Super -TARTRATE,  or  Bi* tartrate  of^ 
Potass.  The  origin. of  this  salt  has  been  already 
noticed.  It  consists  of  2  atoms  of  acid  =  (67  X  2) 
134,  -(- 1  atom  of  potass  z=  48,  which  make  its  repre- 
sentative number  182;  but  since  it  always  contains  an 
atom  of  water,  which  appears  to  be  essential  to  tlie 
constitution  of  the  salt,  we  must  consider  its  tnie  eqyi- 
valent  =  (182-^9)  191«  It  requires  for  it9  solution 
a  very  large  quantity  of  water,  not  less  than  60  parts 
at.60''  Fah.  or  14  at  212"^ .  Hence  its  solution  in  hot 
water  deposits  jthe  .salt  on  cooling,  so,  rapidly  and  in- 
such  quantity  as  almost  to  resemble  precipitation.  It 
is  quite  insoluble  in  alcohol.  It  becomes  very  soluble, 
in. water  by  adding  to  it  one-fiflh  of  its  weight  of  bor%x  ; 
or  even  by  the  addition  of  boracic  acid.  Alum  occa- 
sions the  saipe  efiect.  6ay-Lussac  considers  that  in 
many  cases  this  salt  acts  the  part  of  a  simple  acid,  and 
even  dissolves  oxides  that  are  insoluble  in  the  mineral 
acids,  and  in  the  tartaric  acid. 

2l 
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d94.  Taetratb  o9  PotAtfl,  firom  itt  gieeitr  mm 
lubiliiy,  is  ^eiy  generally  known  by  the  name  of  $oluhl^ 
twriar*  It  may  be  obtained  by  evaporating  the  Mta<« 
Uon  which  remains  alter  pddtng  ohatk  to  the  aotoition 
of  the  bi*taFtraDe  in  preparing  tartarib  a^ckl  (090),  or  it 
may  at  once  be  prepared,  as  directed  in  the  Phanna» 
ec^pcBia,  by  aatorating  the  excess  of  acid  in  the  hu 
tartrate  by  carbonate  of  potass.  It  has  a  bitter  taste, 
is  readily  soluble  in  water,  and  crystallises  i  altboogh 
it  is  sometimes  found  in  the  shops  in  the  state  of 
powder.  Ift  a  moidt  atmdipbere  it  attracts  water,  and 
is  by  a  red  heat  deoomposed,  «nd  converted  into  sub^ 
caibonate  of  potass.  The  habitudes  of  this  sslt  with 
rqpird  to  acids  are  very  interesting,  the  greater  niunber 
of  them  disturb  its  solution,  and  transform  it  into  bi^ 
turiraie.  It  censiste  of  1  atom  of  tartans  acid  :=  67, 
4-.1  ditto  of  potass  =r  48,  so  that  its  tfqwresentatiiw 
number  is  I15»   * 

996.     TABTBAtB  OF  PoTASS  AJfB  SoBA  is-fOflBed 

hy  saturating  the  superfluous  acid  in  the  bi-tartraie 
sub-carbonate  of  Soda,  tt  is  the  SsJs  Tj^rimri* 
of  the  Pharmacopceia,  and  is  known  in  Phamuicy 
Under  the  name  ci  Uockelle.St^^  or  Scld$  SeignMe^ 
It  occurs  in  large  and  beautifhl  oysuls,  the  primary 
form  of  which  is  a  right  rhombie  pifsm.  They 
digfatly  efflorescebt,  atvi  dissolve  ia  five  parts  of 
at  W^  and  in  a  less  quantity  at  Slt^".  IW  taste  of 
this  salt  is  rather  bitter.  It  nmy  sidMT  be  conaidsvisd 
as  a  triple  salt  consisting  of  S  atoms  of  acid  (67  XS> 
ss  IM,  4- 1  ditto  of  potass  =  48,  -f  1  ditto  of  egda 
2=  S9,  making  its  number  214^  or  we  may  v^ga>d4t  m 
u  double  sak  consisting  of  1  atom  of  tartrate  .of  potaas 
isz  115,  4-  1  ditto  of  tartrate  of  soda  =  99.  It  does 
not  appear  to  contain  any  water  of  crystaIlkatiOA« 

996.    The  TartrBie€  of  Ammonia  and  SodOj  may 
be  formed  by  saturating  the  Tartaric  acid  witli  tho* 
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rapective  bases,  and  if  the  former  be  in  excess,  we 
shall  obtain  insoluble  bi-tartrates. 

997.  Of  the  metallic  Tartrates,  those  of  Iron  and 
Antimony  are  principally  interesting  to  the  medical 
student.  The  former  may  be  formed,  either  directly 
by  acting  on  metallic  iron  with  tartaric  acid,  or  by 
mingling  solutions  of  tartrate  of  potassy  and  pretax 
sulphate  of  iron.  The  compounfl  forms  lamellar  crys- 
tals, which  are  sparingly  soluble « in  water«  By  expo^ 
sure  to  air,  they  pass  to  the  state  of  Per^taitrate.  The 
JFerrum  Tartarizatum  constitutes  one  of  those  conip 
pounds  which  Cream  of  Tartar  forms  with  metallic 
oxides,  and  to  which,  in  our  present  state  c^  kno^ 
ledge,  no  name  can  be  more  appropriate  than  thaft 
bestowed  upon  it  by  the  London. College^  although^ 
according  to  the  new  views  of  6ay«Lu8sac,  it  should 
be  called  Cream-tartrate  of  Iron.  Tartaric  acid' has 
no  action  on  antimony,  but  it  dissolves  a  small  povtioft 
of  its  protoxide.  The  solution  scarcely  crystallizes^ 
but  easily  assumes  the  'fi>rm  of  a  jelly.  With,  the  bi«* 
tartrate  of  potass,  however,  oxide  of  antimony  forms  a 
more  strongly  marked  compound,  and  one  of  great 
interest  to  the  medical  student* 

996.  Tartarized  Antimony*  Cream^Tartrai^ 
of  Antimony.  Tartar  Emetic.  Various  processes 
have  been  described  for  the  preparation  of  this  salt^ 
but  that  which  is  the  most  simple,  and  perhaps  upo» 
the  whole  the  least  precarious,  is  the  one  directed  I^ 
the  London  College.  It  merely  consists  in  boiling  to^ 
gether  in  distilled  water,  glass  of  antimony  (718)  and 
cream  of  tartar,  in  the  state  of  fine  powder,  and  then  eva* 
porating  and  crystallizing  the  solution,  which  acecMrd.-* 
ing  to  Mr.  Phillips  (Translat:  Pharmacop:  Lond:) 
consists  of  tartrate  of  potass,  and  tartrate  of  antimony 
which  combine  so  as  to  form  a  double  salt.  These 
views,  however,  are  extremely  doubtful.    1  am  rather 

2l  2 
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inclined  to  accede  to  the  Tiewa  of  Cray«LaMac  M  d* 
ready  explained. 

999.  Tartarized  antimony  t^  easily  ciyfttallises, 
in  which  state  it  ought  always  to  be  parchiised  to  avoid 
the  adulterations  to  which  it  is  exposed^  The  general 
character  of  its  crystal  is  staled  by  Mr.  Phillips  to  be 
an  octohedron  with  a  rhombic  base.  They  are  colour- 
less  and  tranq)arent;  their  laste  nauseous  and  actidy 
and  when  exposed  to  the  air  they  slowly  foresee. 
Boiling  water  dissolves  half  the  weight  of  die  salt,  and 
cold  water  not  more  than  a  fifteenth  part.  Sulphuricy 
nitric^  and  muriatic  acids^  when  poured  into  a  solution 
of  this  salt,  precipitate  its  cream  of  tartar;  and  soda, 
potass,  ammonia,  or  their  carbonates,  throw  down  its 
oxide  of  antimony.  Lime  water  occasions  not  only  a 
precipitate  of  oxide  of  antimony,  like  the  alkalies,  but 
also  an  insoluble  tartrate  of  this  earth«  That  produced 
by  the  alkaline  hydro-sulphurels  is  wholly  formed  of 
Kermes  (719),  while  that  caused  by  sulphuretted  hy- 
drogen, contains  both  Kermes  and  Cream  of  Tartar. 
The  decoctions  and  infusions  of  several  vegetables,  as 
cinchona,  and  other  bitter  and  astringent  plants,^ 
equally  decompose  tartar  emetic ;  and  the  preci[Mtate, 
in  such  cases,  always  consists  of  the  oxide  of  antimony, 
combined  with  the  vegetable  matter  and  cream  of  tar- 
tar. It  behoves  the  Physician,  therefore,  to  be  aware 
of  such  incompatible  mixtures.  When  heated  with 
carbonaceous  matter  this  salt  is  decomposed,  and  me- 
tallic antimony  is  obtained.  From  this  phenomenon, 
and  the  deep  brownish-red  precipitate  by  hydro-sul- 
phurets,  this  antimonial  combination  may  be  readily 
recognized. 

1000.  Tartaric  acid,  when  heated  to  redness,  under? 
goes  a  peculiar  change,  and  is  converted  into  an  acid 


t  See  mj  Pharhacouxsia.  Art.  AnUmanimm  T^timrhMimm, 


lermed  the  Pjfr<hiariari€y  whicli  wat  long  confoiuMfed 
with  the  acetic. 

1001.  Such  are  the  principal  acids  which  exist  ready 
formed  in  vegetable  substances.  There  are  a  few 
others^  obtained  only  from  particular  vegetables,  as  the' 
MoTowyliCy  from  the  white  Mulberry ;  the  BokiiCy  from 
the  Boletus  pseudo^ignarius ;  the  AceriCy  from  (he 
Maple;  the  Kinic^  from  Peruvian  Bark ;  the  MeconiCy 
from  Opium ;  the  Jgasuric  from  the  Sirychnus  JgnaUoy 
&c,  many  of  which  are  so  little  interesting  to  the  medical 
student  thai  Ul  may  be  merely  suflkient  to  enumerate 
them;  although  some  few  will  be  hereafter  desoribed 
in  connection  with  the  alkalies^  with-  which  they  are 
associated  in  native  combination, 

Vbgetable  Alkalies. 

1003.  The  substances  included  under  this  division 
are  bodies  of  recent  discovery ;  and  there  is  reason  to 
believe  that  the  order  is  no  less  numerous  than  that  of 
vegetable  acids,  although  it  is  probable  that  some  of 
those  lately  discovered  will  turn  out  to  be  merely  dis- 
guised modifications  of  each  other.  They  appear  to 
exist  ready  formed  in  the  vegetables  from  which  they 
are  procured,  and  to  which  they  would  seem  to  impart 
medicinal  power;  and,  although  they  do  not  bear  a 
degree  of  activity  proportional  to  their  concentration,* 
still  many  of  them  are  likely  to  become  important  in- 
struments in  the  hands  of  the  skilfu}  physician. 

1003.  These  bodies  have  many  properties  in  com- 
mon, but  it  is  on  account  of  their  chemical  habitudes 
of  combination,  that  they  have  been  received  into  the 
order  of  alkalies ;  they  possess  the  power,  for  instance^ 
of  saturating  a^ids,  and  of  giving  origin  to  a  class  of 

t  See  my  Pha^macoloqi^.  Edit.  6.  Vol.  1.  p.9S0;  sad  Vol. 
S.  Art  Opium,  N9U. 
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salts,  most  of  which  are  nentsal,  althimgh  some  alwajrs 
contain  an  excess  of  acid ;  and  they  are  generally  ciys* 
taffizablC)^  and  soluble.  Since,  however,  thejr  difler 
ftom  the  bodies  long  kno^  under  the  name  of  alkalies, 
in  having  much  weaker  affinities  for  acids,  and  in  being 
d^ebiaposable  both  in  their  isolated  and  combined 
states,  at  low  d^rees  of  heat,  their  claim  to  the  ratik 
of  true  alkalies^  has  been' doubted^  find  some  chemists 
have  attempted  to  compromise  the  question  by  pro- 
porfng  for  .them  the  name  of  Alkaloids  /  but  an  objee- 
Cion  founded  upon  the  degree  and  not  the  kind  of  their 
action  cannot  be  mainliuned ;  thqr  are,  without  doubt, 
mliHabh  bases'^  and,  as  they  generally  act  on  vegetable 
colours  like  the  known  alkalies,  there  can  -exist  mr 
good  reason  for  excluding^  them  from  that  class.  The 
termination  of  iite,  therefore,  which  was  first  given  to 
their  names,  as  Morphine,  Cinchonine,  Quinine,  &c. 
has  been'  correctly  exchanged  for  that  of  a,  in  con- 
formity to  the  nomenclature  of  the  other  alkalies,  and 
they  are  termed  Morphia,  Cinchonia,  Quina,  &c.  In 
a  pure  state  they  are  very  sparingly  soluble  in  v^ater, 
but  are  in  general  rendered  more  so  by  the  presence  of 
resinous  matter ;  and  in  their  peculiar  vegetables  they 
are  usually  combined  vrith  some  acid.  With  very  few 
exceptions,t  they  are  all  bitter,  but  the  degree  of  bit- 
terness varies  in  the  different  species ;  that  of  Sirj/cknid 
is  insupportable,  while  that  of  Emeta  is  slight.  They 
are  inodorous ;  are  not  altered  by  air,  or  light,  but  are 
usually  decomposed  by  a  moderate  heat;  most  of  them 
enter  into  fusion,  but  at  different  temperatures,  some 
for  instance  at  below  SIS*^  Fah. ;  others  not  until  they 
are  about  to  be  decomposed ;  Hyoscyama  will  even 

*  They  are  all  crystallizable,  with  the  exception  of  the  NUrml^ 
9f  Gnehonia^  aad  the  salts  of  Fermtrim, 

i  .Atnpia.  is  insipid ;•  Pipera  nearly  so;  the  taste  of  Ferairia  is 
acrid  and  burning. 


retisl  a  low  red  heat.  '  They  axe  neariy  pdl  highly  aoluv 
ble  in  alcohoL  iElher  readily  disaohes  Dpiphia^ 
■Ferairia^  Emtio,  Qdtisutj  and  Qtniw ;  bat  Morphia, 
€Snckonidy  and  Pieroiaxa  pre  very  sparingly  SQluble^ 
laid  SiryckfUa  and  Brmcim  are  neariy  insoluble  ia 
that  nenstmum.  AH  the  saline  combipaiioiis  of  these 
bodies  with  the  mineral  acids^  excepting  ihoae  of 
Pwro^soj  are  exceedingly  soluble  in  walar<i  The 
utceiaieM  abo,  with  a  few  ezceptioisv  ans  soihiMa. 
AH  the  Osalaieij  that  cfPieraioMa  excepited,  whicV 
is  die  most  soluble  of  its  sslts^  and  all  Tdrtriae$  vtb 
very  sparingly  soluble*  The  action  of  eoncenirate4 
nitric  acid  on  these  alkaline  bodies  is  very  peculiar^ 
conrerting  the  i^rcater  number  of  them  into  artificial 
Tmmin;  but  it  appears  to  peroaudate  Morphia^ 
StrychmOj  and  Brucia^  rendering  them  less  powerfol 
as  salifiable  bases,  and  diminishing  their  medicinal 
activity*  Since  the  powers  of  these  substances  on  the 
animal  body  are,  caieris  paribusy  in  the  direct  mtio  of 
their  solubility,  the  genersl  fiuets  above  enumerate^ 
should  be  kept  in  remerabrtace  by  tbe  medipal  jiract 
titioner. 

1004*  When  resolved  into  their  ultimate  principles^ 
they  are  all  found  .to  contain  oxygen,  hydrogen,  carbon, 
and,  with  one  or  two  exceptions,  azot ;  this  latter  ele^ 
flsent  was  for  some  time  considered  as  accidental,  and 
as  being  derived  from  the  ammonia  employed  in  their 
preparation ;  but  a  more  careful  inresUgation  of  the 
subject  has'  proved  it  to  be  essential  to  their  composir 
tion.  Many  attempts  have  been  made  to  determine  the 
equivalent  numbers  of  these  bodies,  but  upon  this  point 
iliere  at  present  exists  great  discrepancy,  and  it  udH  be 
prudent  to  wait  for  more  satisfactory  analyses. 

lOOS.  Having  thus  afforded  a  sketch  of  the  gethral 
characters  of  these  bodies,  it  will  be  necessary  to 
descend  into  the  particular  history  of  each  individual 
alkajii. 
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Morphia. 


1006.  Besides  Resin^  Gkini,  Eis:tractiye  matter,  Grla- 
ten,  and  some  other  vegetable  principles,  Opium  con- 
tains two  peculiar  proximate  principles,  die  one  of 
which  is  an  alkaline  body,  termed  Morphia;  the  otlier, 
a  substance  which  does  hot  appear  to  possess  the  cha- 
racters of  an  alkali ;  it  has  received  the  name  of  Nar-^ 
eotin.  In  these  two  bodies  the  specific  powers* of 
opium  reside,  although  they  are  somewhat  modified' by 
the  state  of  combination  in  which  they  exist.  Morphia 
exists  in  a  state  of  union  with  a  peculiar  acid,  which 
has  been  called  the  Meconic  acid^  and  it  moreover 
appears  that  this  acid  exists  in  such  a  proportion  as  to 
form  a  super-salt,  or  a  Super^meconaie  of  Morphia, 
Derosne  was  the  first  chemist  who  obtained  a  crystld- 
line  subtance  from  Opium,  which  he  announced*  in 
1803,  but  did  not  describe  its  nature  or  properties. 
In  the  following  year  S^[uin  discovered  anoth«r  crys- 
talline body  in  Opium,  but  he  never  hinted  at  its 
alkaline  nature.  Sertuemer,  at  Eimbeck  in  Hanover, 
had  also,  at  the  same  time  as  Derosne  and  S^^in, 
obtained  these  crystidline  bodies,  but  it  was  not  until 
the  year  1817,  that  he  first  unequivocally  proclaimed 
the  existence  of  a  new  v^^etable  alkali,  and  assigned 
to  it  the  narcotic  powers  which  distinguish  the  opera- 
tion of  Opium ;  to  this  body  he  gave  the  name  of 
Morphia^  and  it  appears  to  be  the  same  as  the  salt  of 
Seguin.  The  salt  of  Derosne,  now  denominated  NaT' 
coiine^  is  quite  a  difierent  prihct|de,  although  it  was 
constantly  mistaken  for  one  of  the  salts  of  Morphioj 
until  M.  Robiquet  pointed  out  its* distinctive  charac- 
ters. 

1607.     Various  processes  have  been  adopted  for 
obtaining  pure  Morphia,    Iii  some,  the  natural  Meco* 

t  Annalcs  de  Ciiiinio.  T.  xlv. 
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haie  is  decomposed  by  magnesia,  in  others,  by  ammo- 
nia.* It  is,  however,  now  admitted  that  the  following 
improved  process  of  Robiquetf  is  to  be  preferred.  A 
concentrated  infusion*  of  opiuih  j:  is  prepared  by  ma- 
cerating 900  parts  of  the  pure  drug  in  100  parts  of 
common  water  for  five  days;  to  this  solution  when 
filtered,  15  parts  oi  pure  Magnesia  (tki^  Carbonate  oi 
that  earth  must  be  carefully  avoided)  are  to  be  added ; 
then  boil  the  mixture  for  ten  minutes,  and  separate 
the  greyish  and  abundant  deposit  by  a  filtre,  washing 
it  with  cold  water  until  the  water  passes  off  clear ; 
after  which,  treat  it  alternately  with  hot  and  cold  alco- 
hol (18,  28  B^)  as  long  as  the  menstruum  takes  up 
any  colouring  matter ;  the  residue  is  then  to  be  treated 
with  boiling  alcohol  (28,  S2  B^)  for  a  few  minutes, 
and  the  liquor  filtered  while  it  still  boils;  as  this  solu- 
tion cook,  it  will  be  found  to  deposit  crystals  of  the 
Morphia  slightly  coloured.  By  solution  in  alcdiol, 
and  crystallization  being  repeated  two  or  three  times, 
they  may  at  length  be  obtained  colourless.  The  theory 

• 

*  If  we  make  an  acetic  solution  of  opium,  and  pour  ammonia 
into  it,  we  shall  at  once  obtain  a  precipitate  which  consists  of  im- 
pure Morphia,  which,  after  it  has  been  well  washed  with  water  and 
alcohol,  is  to  be  redissolved  by  acetic  acid,  and  mixed  with  ivory 
black.  This  mixture  is  to  be  firequeatiy  agitated  fot  94  hoars, 
and  then  thrown  on  the  filtre.  The  liquid  pasKs  through  quite 
colourless,  and  if  ammonia  be  now  dropt  into  it,  pure  Morphia 
falls  in. the  state  of  white  powder.  This  process  was  proposed  by 
Dr.  Thomson,  but  Dr.  Ure  olraerves  that  this  ^*  white  powder,*' 
instead  of  being  pure  Morphia,  contains  a  considerable  quantity 
of  phosphate  of  lime  derived  from  the  ivory  black ;  its  subsequent 
solution,  however,  in  alcohol,  and  crystallization,  will  render  it 

pure* 

f  Codex  Mcdicamentarius,  Ediius  fi  Facultate  Mcdica  Pa- 
risiensi.  A.D.  1818. 

%  It  has  been  ascertained  by  Mr.  Thomson  that  good  Turkey 
Opium  will  yield  nearly  three  times  more  Morphia  than  the  JSmI 
ImUun  variety. 
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of  Uliis  procan  it  the  firflowing.  The  Itfacoiifaile  of 
Morphia  ii  dccofnpoeed  by  the  Magneftia;  and  die 
Morphia^  together  with  colouring  matter  and  the  uih 
dinolved  Magnesia,  falls  down ;  by  washing  diia  pie* 
cipitate  with  water)  and  weak  alcohol^  a  tnkall  qoattttty 
of  Morphia  and  iiluch  colouring  matter  ia  taken  np^ 
The  concentrated  alcohol  at  a  boiling  tempenitufe  doea 
not  act  upon  the  Magnesia,  but  dissoW^  the  Moqphia^ 
whidi  it  again  surrenders,  on  cooKng,  in  a  ctTstaHina 
form* 

1008*  Morphia,  when  puie^  is  oolonrless,  mo* 
dorous,  and,  when  in  solution,  intenstly  bitter*  Ita 
crystals  have  a  peaity  Inatre,  and  their  primary  form 
is  a  right  rhombic  prism.  They  are  insoluble  in  cold, 
and  only  sparingly  soluble  in  boiling  water.  They  are 
soluble  in  49  parts  of  cold,  but  to  a  greatcar  extent  in 
hot  alcohol,  and  in  8  parts  of  either ;  these  sototions 
are  intensely  bitter,  and  turn  the  sytup  of  violets  green. 
Morphia,  moreover,  exhibits  alkaline  powers,  not  only 
in  combining  with  acids  to  form  salts,  but  also,  hf 
decomposing  the  solutions  of  metallic  salts,  precipi* 
tating  their  oxides,  owing  to  its  ^eater  affinity  for  the 
^ids  with  which  they  are  combined.  It  fuses  at  a 
moderate  heat,  and  acquires  the  aspect  of  melted  saU 
phur.  It  is  incapable  of  forming  soap  with  an  oxidized 
oil.  By  a  strong  heat  it  is  decomposed,  yielding  car* 
bonate  of  ammonia,  oil,  and  charcoal^  It  bums  readily 
in  atmospheric  air.  By  Nitric  acid  it  is  turned  red ; 
which  thierefore  afford  a  test  of  the  presence  of  Mort 
phia.  Its  medicinal  virtues  canlNit^  be  cpnsideped  aa 
falling  within  ifaesrope  of  the  present  work. 

1009.  Meconic  AM^  with  which  Morphia  exists  in 
native  combination,  any  be  obtained  from  o|Hum,  by 
dissolving,  in  weak  sulphuric  acid^  the  Mbgnesian 
residuum  le(t  after  the  action  of  the  hot  akc^iQl  in  the 
process  above  described  for  extracting  morphia;  to 


Narcoiine.  Sis' 

this  solution  muriate  of  baryta  is  then  lo  be  added, 
which  will  throw  down  a  precipitate  consisting  of  sul- 
phate and  meconate  of  baryta ;  digest  this  with  hot  and 
very  weak  sulphuric  acid ;  and,  when  the  filtered  liquor 
is  sufficiently  reduced  in  quantity  by  eyaporation,  the 
Meconic  acid  will  shoot,  eren  before  cooChg,  into 
coloured  crystals ;  these  are  to  be  washed  with  a  little 
water,  dried,  and  sublimed  in  a  flask.  This  acid  is 
extremely  soluble  both  in  alcohol  and  in  water,  and 
the  solutions  are  fiiour  to  the  taste,,  and  convert  vege- 
table blues  to  a  red  colour.  It  combines  with  alkalies 
and  formn  MeconateSy  several  of  which  crystallize.  Its 
distinguishing  character  is,  that  it  produces  an  in-* 
tensely  red  colour  in  solutions  of  iron  oxidized  ad 
maximum.  When  taken  into  the  stomach  it  does  not 
produce  any  .soporific  eflfect. 

1010.  Narcotine  is  the  salt  of  Derosne,  and  is  not, 
as  Sertuemer  at  first  imagined,  the  meconate  of  mor- 
phia, but  a  distinct  and  independent  principle,  in 
which  the  exciting  powers  of  opium  are  supposed  to 
reside,  just  as  its  sedative  virtues  depend  upon  morphia. 
The  following  is  the  process  for  its  preparation.*  Eva- 
porate an  aqueous  solution  of  opium,  until  it  has. 
acquired  the  consistence  of  syrup,  and  then  mix  it  with 
sulphuric  eether,  and  shake  the  mixture;  repeat  this 
with  fresh  portions  of  »ther,  as  long  as  it  deposits  any 
crystals  in  distillation.  When  this  solvent  produces 
no  further  eflects,  the  solution  of  opium  may  be  evapo- 
rated to  a  proper  consistence,  when  it  will  furnish  the 
practitioner  with  an  extract  possessing  all  the  sedative, 
without  the  exciting  properties  of  opium.  The  theory 
of  this  process  is  obvious;  Narcotine  being  soluble, 
and  Morphia  insoluble,  in  cold  aether,  it  is  evident 
that  by  the  treatment  above  described,  these  two  prin- 
ciples may  be  separated  from  each  other.  The  crystals 
of  this  substance  have  a  pearly  lustre,  are  inodorous 
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uid  insipid*  They  aie  lolable  in  fisied  oil,  and  in 
acids;  slightly  soluble  in  alcohckl,  but  very  nearly  in* 
vpluble  in  wattf  •  They  have  no  action  on  T^getaUe 
colours,  and  are  incapable  of  neutralizing  alkalies. 

1011.  Besides  the  Meconic,  opium  would  also  atp- 
pear  to  contain  some  acid^  which  is  not  volatile,  nor 
has  any  peculiar  e&cts  upon  the  salts  of  iron.  This 
QUlject,  haw  ever,  requires  farther  investigation* 

Salts  of  Morphia* 

1012.  Acetate  of  Morphia  is  formed  by  satumting 
the  pure  base  with  acetic  acid,  and  allowing  the  mix- 
ture to  evaporate  slowly  to  dryness.  The  difficulty  of 
obtaining  it  crystallized,  on  account  of  its  extieme 
deliquescence,  renders  it  necessary  to  adopt  this  mode 
of  preparation.  Its  crystallization,  however,  may  be 
fiicUitated  by  exposing  it  to  the  action  of  sulphuric 
acid,  aft  recommended  for  eflfecting  that  of  acetate  of 
ammonia.  (350)  It  crystallizes  in  needles,  and  is  ex- 
tremely soluble,  and  very  active  as  a  medicine. 

1013.  The  Tartrate  may  be  obtained  by  a  similar 
process,  and  will  crystallize  in  prisms. 

1014.  The  Sulphate  is  prepared  by  dissolving  Mor^ 
phia  in  sulphuric  acid,  previously  diluted  with  water  ; 
the  solution  made  hot,  and  evaporated  to  a  certain 
point,  crystallizes  on  cooling,  in  an  arborescent  form. 
This  salt  is  soluble  in  twice  its  weight  of  distilled 
water,  and  is  composed  of  acid,  2S  -4*  ii^orphia  40^ 
-f-  water  38.  It  has  a  considerable  resemblance  to  the 
Sulphate  of  Quina  to  be  hereafter  described,  and  aa 
this  latter  salt  is  now  in  very  general  use,  the  medical 
practitioner  will  do  well  to  remember  the  following 
simple  test  by  which  they  may  be  distinguished  from 
each  other,  viz.  The  Sulphate  of  Morphia,  when 
treated  with  concentrated  nitric  acid,  becomes  red; 
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iRrbereas  no  such  eflect  is  pioduced  wUh  the  Sulpkate 
of  Quina. 

1015.  The  Muriate  crystallizes  in  plumose  crystals^ 
and  is  much  less  soluble,  requiring  lOf  times  its  weight 
of  distilled  water.  It  consists  of  acid  35  -4*  morphia  41 
-4*  water  84» 

1016.  The  Nitrate  yields  prisms  grouped  together 
in  stars  which  are  soluble  in  If  times  their  weight  of 
distilled  water.  They  consist  of  acid  SO,. -f-  morphia 
36,  rf-  water  44. 

1017.  All  the  above  combinations  are  decomposed 
by  Ammonia. 

Emeta. 

1018*  This  alkali  constitutes  the  emetic  principle 
of  Ipecacuanha,  and  was  discovered  by  Pelletier.  In 
that  state,  however,  in  which  it  was  first  known  under 
the  name  of  Emetiuy  it  is  impure ;  but  it  will  be  useful 
in  giving  the  history  of  this  substance  to  follow  the 
same  steps  as  those  which,  led  to  its  discovery,  I  shall 
therefore  continue  to  call  the  impure  body  Emeiin^ 
and  reserve  the  term  Emeta  for  the  alkali  in  its  per- 
fect state.  The  following  is  the  process  given  by  'NL 
Majendie  for  its  preparation.  Digest  powdered  Ipeca«- 
.cuanha*  in  £ther,  in  order  to  dissolve  its  fatty  odor* 
ous  matter*  When  the  powder  yields  nothing  more  to 
this  solvent,  it  must  be  again  exhausted  by  alcohol. 
Place  the  alcoholic  tinctures  in  a  water  bath,  and  re* 
dissolve  the  residue  in  cold  water.  It  thus  loses  a 
portion  of  wax,  and  a  little  of  the  fatty  matter  which 
still  remained.  It  is  only  necessary  farther  to  mace* 
rate  it  on  carbonate  of  magnesia,  by  which  it  loses  its 
gallic  acid,  to  rediasolve  it  in  alcohol,  and  to  evaporate 
it  to  dryness.    When  thus  prepared.  Emetine  appears 

t  M*  Boullsy  has  obtsiQed  it  from  the  root  of  the  Violet. 
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in  the  form  of  transparent  tirowntoh^red  scales.  It  ban 
no  smell,  but  a  bitter  acrid  taste.  At  a  heat  somewhat 
above  that  of  boiling  water,  it  is  VesolVed  into  carbonic 
acid,  oil,  and  rin^ar,  but  it  afibrds  no  ammonia  which 
proves  that  azot  is  not  one  of  its  elemenls.  It  is  solo* 
ble  both  in  water  and  alcohol,  but  not  in  cether.  It  is 
very  deliquescent,  and  incapable  of  being  crystallised* 
It  is  precipitated  by  proto*nitrate  of  mercury,  and  cor- 
rosive sublimate,  but  not  by  tartarieed  antimony. 
Gallic  acid  also  throws  it  down  from  its  solution,-  but 
the  re-agent  that  most  powerfully  affects  it,  is  the  sub* 
acetate  of  lead,  which  completely  precipitates  it  ftom^ 
its  solutions ;  if  therefore  we  take  a  solution  of  Ipeca- 
cuana,  puriJSed  from  its  fatty  matter,  and  drop  in 
sub-acetate  of  lead,  wash  the  precipitate  formed,  and 
then,  difiUsing  it  in  water,  decompose  it  by  a  current 
of  sulphuretted  hydrogen  gas,  sulphuret  of  lead  will 
fall  to  the  bottom,  and  the  Emetin  remain  in  aolution, 
which  by  evaporation  may  be  obtained  puro. 

1019.  •  Emeta^  says  M.  Majendie,  is  to  Emetine 
what  white  and  crystallized  sugar  is  to  moist  sugar. 
The  latter  appears  to  consist  of  the  pure  alkaline  base 
with  some  acid  and  colouring  matter.  By  substituting 
calcined  magnesia,  for  the  carbonate  ijised  in  the  former 
process,  and  taking  care  to  add  a  sufficient  quantity  t« 
take  up  the  free  acid  which  exists  ii^  the  liquor,  and 
to  unite  with  that  which  is  combined  with  the  Emeta, 
^ve  shall  separate  the  alkali,  and  precipitate  it  in  com- 
bination with  the  excess  of  magnesia.  This  magnesiaB 
precipitate,  after  being  washed  by  meana  of  a  very  littk 
cold  water,  to  separate  the  colouring  matter  which,  is 
not  combined  with  the  magnesia,  must  be  careiidly 
dried  and  digested  in  alcohol,  which  dissolves  the 
Emeta ;  and  this,  after  it  has  been  separated  from  the 
alcohol  by  evaporation,  must  be  redissolved  in  a  diluted 
acid,  iemd  digested  with  purified  ivory  black.    It  must 


then  be  procipitated  by  a  fialifiable  baie«  ITle  EiAeti^ 
thus  pnriiiedy.  becomes  less  soluble;  it  is  wfaite^  pul- 
verulent, and  no  longer  deliquescent;  it  acts  like, an 
alkati  upon  vegetable  colours ;  it  is  also  dissolved  by 
all  the  acids,  the  acidity  of  which  it  ditninisheSi  but 
without  entirely  destroying  it. 

CiNCHONtA. 

« 

lOSO.  It  had  been  long  known  that  an  infusion  of 
nut  galls  will  produce  a  precipitate  with  the  decoctions 
of  Bafk,  and  Dr«  Duncan  attributed  the  phenomenon 
to  the  presence  of  a  peculiar  princiiple,  to  which  M. 
Gomes  of  Lbbon  appears  to  have  previously  assigned 
the  name  of  Cinckonine^  and  which  in  fact  m^A  the 
ealiftable  base,  now  termed  Cinckonia^  so^  disguiaed 
with  other  matter  as  to  have  been  long  mistaken  fwr  a 
resin.  M.  M.  Pelletier  and  Caventou  have  the  ciiedit 
of  discovering  its  alkaline  nature,  and  of  demonstrating 
the  peculiar  state  of  combination  in  which  it  exists  in 
the  different  species  of  Bark* 

1021.  The  following  is  the  process  by  whioh  Ctn« 
chonia  may  be  obtdned«  A  pound  of  paie  hhrk^ 
(Cimchona  LancifiKa)  bruised  small,  is  to  be  boiled 
for  an  hour  in  three  pints  of  a  very  dilute  solution  iaf 
pure  potass.  The  liquid,  after  being  suffered  tq  oioii 
w  then  to  be  strained  through  a  fine  cloth  with  piws^ 
Mire,  and  the  residuum  repeatedly  washed  and  pressecb 
1'he  Bark  thus  washed,  is  to  be  slightly  heated  in  a 
'sufficient  quantity  of  water^  adding  muriatic  acid  gra* 
dually  until  litmus  paper  is  slightly  reddened.  When 
the  li^id  is  mised  nearly  to  the  boiling  poii)t  it  is  to 
be  strained,  and  the  cinchona  again  pressed.  To  die 
•trained  liquor,  while  hot  add  an  ounce  of  solpbale  of 
Magnesia^  and  a^er  this,  add- a  solution  of  potass,  until 
it  ceases  to  occasion  any  precipitate*  When  the  liquor 
is  cold,  collect  the  precipitate  on  a  filtiv,  wash  and  dry 
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it,  and  dissolve  it  in  hot  alcohol.  On  evaporation 
of  the  alcoholy  the  ciiichonia  crystallizes  .in  delicate 
prisms.  Other  processes  have  been  recommended,  but 
the  one  above  related  appears  to  be  the  most  eligible. 
The  Cinchonia  exists  in  Bark  in  combination  with  an 
excess  of  a  peculiar  acid  termed  the  Kinic  acid.  It  is 
the  object  of  the  process,  after  removing  the  various 
other  vegetable  principles  which  bark  contains,  to  de- 
compose this  salt,  and  to  obtain  the  cinchonia  in  an 
isolated  state. 

1Q28,  Cinchonia  thus  obtained  is  wfait^,  tranalu* 
cent,  crystalline,  and  soluble  in  S500  times  its  weight 
of  boiling  water,  but  a  considerable  part  separates  on 
cooling.  Its  taste  is,  owing  to  its  insolubility,  scarcely 
sensible,  unless  it  be  dissolved  in  alcohol  or  an  acid, 
when  it  displays  the  peculiar  bitterness  of  the  bark.  It 
is  neither  fusible,  nor  volatile  at  moderate  temperar 
tures ;  it  is  very  soluble  in  alcohol,  less  so  in  sther, 
and  but  sparingly  in  fixed  and  volatile  oils.  It  resiorea 
the  colour  of  litmus,  which  has  been  reddened  by  an 
acid ;  unites  with  all  the  acids,  and  gives  origin  to  a 
cla^B  of  salts. 

1023.  Th^  Kinic  acid,  which  exists  in  native  com* 
bination  with  the  cinchonia  may  be  obtained  by  mace- 
rating the  bark  in  cold  wi^t^r ;  eoncentrating  the  in- 
fusion, and  setting  it  aside  in  an  open  vessel ;  when  a 
salt  will  separate  in  plates,  which  is  tasteles,  soluble  in 
cojd  water,  and  insoluble  in  alcohol ;  this  salt  is  Kinaie 
oflAme;  when  oxalic  acid  is  added  to  it,  oxalate  of 
liipe  is  precipitated,  and  the  solution  by  evaporation 
yields  crystals  of  Kinic  acid  of  a  brownish  colour,  and 
a  very  acid  and  rather  bitter  taste.  .  It  is  distinguish- 
able firom  other  vegetable  acids  by  forming  a  soluble 
salt  with  lime,  and  by  its  not  precipitating  lead  or 
silver  from  their  respective  solutions. 
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IQiA.  Thid  alkali  was  discoTered  by  Pelletter  and 
Caveiuou  in  YoUow  JRvirk  (Cinehona  Cordijblia)  from 
which  it  may  be  teparated  by  a  process  siniilftr  16  that 
above  described  for  the  preparation  of  Cinchonia. 
When  dried,  this  body  presents  a  white  porous  mass, 
ine^>able  of  crystallization.  In  water  it  is  as  insoluble 
as  cinchonia,  but  it  is  much  more  bitter;  it  is,  hoW* 
ever,  very  soluble  in  tether/  it  is,  moreover,  distin- 
guishable from  the  latter  alkali  by  its  habitudes  with 
acids,  and  from  the  difier^it  properties  which  chai^c- 
terise  its  salts.  It  appears  to  possess  less  power  of 
wturating  acids  than  cihchonia,  and  yet  this  alkali 
and  its  Q^ts  are  said  to  be  five  times  more  energetic,  as 
medicinal  agents,  than  cinchonia  and  its  compounds. 

1Q8S.  After  having  obtained  Cinchonia  from  the 
Pahy  and  Qtrtiiii  from  the  Yellow  Bark,  it  became  an 
interesting  question  to  determine  to  which  of  those 
alkalies  the  Red  Bark,  (Cinchona  Oblongiolia)  which 
had  been  considered  so  eminently  febrifuge,  was  in- 
debted for  its  virtues.  To  the  astonishment  of  the  expe- 
rimentalists, they  not  only  obtained  from  it  Cinchonia^ 
in  threefold  quantity,  but  almost  twice  as  much  Quina 
as  they  had  been  able  to  extract  from  an  equal  quan^ 
tity  ef  yellow  baA.  Ulterior  experiments,  however, 
have  since  shewn,  that  both  these  vegetable  alkalies 
exist  simultaneously  in  all  the  three  species  of  Bark  ; 
but  that  the  Cinchonia  is,  relatively  to  the  Quina^  in 
greater  quantity  in  the  pale  bark ;  whilst,  in  the  yellow 
bark,  the  Qmina  so  predominates,  that  the  presence  of 
the  Cinchonia  might  well  have  escaped  notice  when 
small  qaantities  only  were  submitted  to  experiment. 

10S6.  Cinchonia  has  been  detected  in  other  vcge^ 
tables  besides  the  Cinchona;  as,  for  instance,  in  die 
root  of  Cusparia,  and  in  the  berries  of  the  Capsicum ; 
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while,  strange  to  say,  in  the  bark  of  Cascarilla,  a  sub- 
stance bearing  a  much  nearer  relation  in  medicinal 
^fl^cacy  to  the  Bark,  its  presence  has  not  hitherto  been 
recogi^i^.  It  is  stated  that  experimenta  have  been 
lately  made  by  M.  M«  Robiquet  and  Petron  on  the 
Bark  of  the  Qtrapaj  which  ha9  b^n  successihlly  used 
in  several  parts  of  America  in  the  cure  of  agues,  and 
that  they  have  found  in  (hat  bark  a  salifiable  basis 
analogous  to  Quina« 

Salts  ofCinchonia  and  Quina. 

1057.  Sulphate  ofCinchonia  is  easily  ciystallizable, 
'|l|i4  moderately  soluble  in  water ;  the  primary  form  ^ 
its  cry9tal  appears  to  be  a  doubly  oblique  prism ;  inde- 
pendently of  water  of  crystallization,  it  appears  to 
consist  of  acid  11*56  -(^  cinchonia  88*44« 

1058.  Sulphate  of  Quina*  This  palt  is  considered 
as  the  most  active  form  of  .the  salifiable  principle  of 
Bark,  I  shall  therefore  present  the  student  with  the 
most  approved  process  for  its  prepaiatipn*  Boil  ibr 
half  an  hour  two  pounds  of  powdered  yellow  barii  in 
sixteen  pints  of  distilled  water,  acidulated  with  two 
fluid^ounces  of  sulphuric*acid ;  strain  the  decoction 
through  a  lineu  cloth,  and  submit  the.  residue  to.^ 
aecond  ebullition  in  a  similar  quantity  of  acidulated 
water ;  mix  the  decoctions,  and  add  by  pmall  portions 
at, a  time,  powdered  lime,  constantly  stirring  it  to 
facilitate  its  action  pn  the  acid  decoction^  (ha^  a  pound 
is  about  the  quantity  required.)  When  the  ^ec^tioa 
has  become  slightly  alkaline,  it  assumes  a  dark  ^olour^ 
and  deposits  a  reddish  brown  flocculent  precipitate, 
which  is  to.  be  separated  by  passing  it  through  a  lineqi 
cloth.  The  precipitate  is  to  be  worked  with  a  little 
xold  distilled  water  and  dried.  Wheii  diy  it  \8  to.  be 
digested  in  rectified  spirit,  with  a  moderate  heat  for 
sgme  hours;  the  liquid  is  then  to  be.  dec4|nted|  iui4 
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fresh  portions  of  spirit  added  till  it  no  longer  acquires 
a  bitter  taste^  Unite  the.  spirituous  tinctures,  and  dis* 
till  in  a  water  bath  until  three-fourths  of  the  spirit 
employed  have  distilled  over.  After  this  operation, 
there  remains  in  the  vessel  a  brown  viscid  substance 
covered  by  a  bitter  and  alkaline  fluid.  The  two  pro- 
ducts are  to  be  separated  and  treated  as  follows.  To 
the  alkaline  liquid  add  a  sufficient  quantity  of  sulphu- 
ric acid  to  saturate  it;  reduce  it,  by  evaporation,  to 
half  the  quantity,  add  a  small  portion  of  charcoal,  and 
after  some  minutes  ebullition,  filter  it  while  hot,  and 
crystals  of  Sulphate  of  Quina  will  form.  The  brown 
mass  is  to  be  boiled  in  a  small  quantity  of  water 
»Ughtly  acidulated  with  sulphuric  acid,  which  will 
convert  a  large  quantity  of  it  into  Sulphate  of  Quina* 
The  crystals  are  to  be  dried  on  bibulous  paper.  Two 
pounds  of  Bark  will,  it  is  said,  yield  from  five  to  six 
drachms  of  the  sulphate;  of  which  eight  grains  are 
considered  as  medicinally  equivalent  to  an  ounce  of 
bark. 

I0S9.  This  salt  forms  crystals  which  are  remark* 
able  for  their  satin-like  and  pearly  lustre.  It  is  soluble 
in  cold  water,  although  in  a  less  degree  than  the  sul- 
phate of  cinchonia;  this  properly,  however,  is  con^ 
siderably  increased  by  an  excess  of  acid. 

1030.    Quina  appears  to  be  capable  of  forming  a 
super  and  sub  salt  with  sulphuric  salt. 
•    1031.    Nitrate  of  Cinchonia  is  uncrystallizable,  and 
sparingly  soluble,  and  so  is  the  kindred  salt  with  a 
base  of  Quina. 

loss.  Muriate  of  Cinchonia  is  ptill  more  soluble  in 
water  than  the  sulphate;  dissolves  in  alcohol;  and 
crystallizes  in  delicate  prisms.  The  Muriate  of  Quina 
has  not  been  examined. 

1033.  Acetate  of  Cinchonia,  This  salt  crystallisea 
.vrith  difficulty^  andaimply  in  plates  transparent,  and 

2m2 


S48  Strychnku 

devoid  of  lustre ;  it  is  much  less  soluble  in  water  than 
the  sulphate,  but  an  excess  of  acid  dissolres  it  wit1& 
tolerable  facility, 

1034*  Acetate  of  Quina,  The  characteristic  of  this 
salt  is  the  great  facility  with  which  it  crystallizes ;  it  is 
little  soluble  in  the  cold,  even  with  an  excess  of  acid* 
It  thickens  in  a  mass  when  exposed  to  cold. 
•  10S5.  Both  Cinchonia  and  Quina  form  with  the 
gallic,  oxalic,  and  tartaric  acids,  insoluble  salts ;  hence 
it  is  that  the  infiision  of  galls  precipitates  the  decoction 
of  Bark. 

Stutchnia. 

1036.  This  body  was  detected  by  Pelletier  and 
Caventou  in  the  fruit  of  the  Strychnus  nux  vomica^ 
and  Strychnus  ignatioy  about  the  end  of  the  year  1818. 
M.  Majendie  has  given  us  the  following  formula  for  its 
preparation.  Add  a  solution  of  liquid  sub-acetate  of 
lead  to  a  solution  of  the  alcoholic  extract  of  the  nux 
Tomica  in  water,  until  no  more  precipitate  fells  down ; 
the  foreign  matters  being  thus  separated,  the  Strychnia 
remains  in  solution  with  a  portion  of  colouring  matter, 
and  sometimes  an  excess  of  acetate  of  lead.  Separate 
the  lead  by  passing  a  stream  of  sulphuretted  hydrogen 
through  the  liquid;  filter,  and  boil  with  magnesia, 
which  will  unite  with  the  acetic  acid,  and  precipitate 
the  Strychnia.  Wash  the  precipitate  in  c<Jd  water; 
redissolve  it  in  alcohol,  to  separate  the  excess  of  ma^ 
nesia ;  and  by  evaporating  the  alcohol,  the  Strychnia 
will  be  obtained  in  a  state  of  purity.  Should  it,  how- 
ever,  be  not  perfectly  white,  it  must  be  redissolTed  in 
acetic  or  muriatic  acid,  and  re-precipitated  by  means 
of  magnesia. 

1037.  Strychnia  obtained  by  crystallization  from  an 
alcoholic  solution  which  has  been  diluted^by  means  of 
a  small  quantity  of  water,  and  lefb  to. itself,  appears 
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under  the  fbna  of  microscopical  cry&tals,  {Qnnii^  four- 
sided  prifima,  t^minated  by  pyramids  widi  four  flatf 
.cened  or  depressed  fac^s.  Crystallized  rapidly,  it  if 
^hite  and  granular ;  it  is  insupportably  bitter  to  tbe 
(asCe,  and  gives  aa  after-sensation  similar  to  that  pro- 
j*  duced  by  certain  iHetalUc  sidts ;  it  has  no  smell ;  it  is 

not  changed  by  exposure  to  the  air ;  it  is  neither  fu^ir 
.ble  nor  volatile,  for  when*  submitted  to  the  action  of 
heat,  it  only  fuses  at  the  mom^t  of  its  decomposition 
and  carbonization.  It  is  intensely  bitter;  it  is. Very 
slightly  soluble  in  water,  requiring  6667  parts  of  cold, 
and  S500  of  boiling  wsfter  for  its  solution,  which  has 
an  orange  colour;  water  that  contains  only  the 
,600,000tfa  part  of  a  grain  in  solution  imparts  a  bitter 
taste  i  It  is  very  soluble  in  alcohol,  but  insoluble  ip 
'  aether.    It  is  by  far  the  most  active  poison  of  fdl  the 

;  .vegetable  alkalies ;  one-«ighth  of  a  grain,  blown  into 

'  the  throat  of  a  rabbit,  brought  on  locked  jaw  in  twp 

"  minutes,  and  in  five  minutes  proved  fatal  \  one-fourth 

^  of  a  grain  produces  on  a  healthy  man  very  sensible 

^  effects:    It  acts  as  a  base  to  acids,  and  forms  a  distinct 

set  of  salts,  which  we  have  now  to  consider. 

1038.    Sulphate  cf  Strychnia  crystallizes  in  trans^ 
'  .parent  cubes,  soluble  in  less  than  ten  times  its  weight 

(  -of  cold  water.    It  is  iatensdy  bitter,  and  the  Strychnia 

is  precipitated  from  it  by  all  the  soluble  salifiable 
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1099.  Muriate  of  Strychnia  crystallizes  in  very 
small  needles;  it  is  more  soluble  in  water  than  the 
sulphate. 

1040.  Nitrate  of  Strychnia  can  be  obtaiped  only 
-by  dissolving  Strychnia  in  nitric  acid,  diluted  with  a 
great  deal  of  water.  The  saturated  solution,  when 
•cautiously  evaporated,  yields  crystals  of  neutral  nitrate 
in  pearly  needles.  It  is  slightly  soluble  in  water,  but 
insoluble  in  aether.     When  concentrated  nitric  acid  is 
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poured  uponStiyclinia,  it  immediately  strikes  an  ama* 
ranthine  colour,  followed  by  a  shade  similar  to  that  of 
blood.  To  this  colour  succeeds  a  tint  of  yellow,  whidi 
passes  afterwards  into  green. 

'  1041.  The  Acetic,  Oxalic,  and  Tartaric  acids,  form 
with  Strychnia  neutral  salts,  which  are  very  soluble  in 
water,  and  more  or  less  capable  of  crystallizing*  They 
crystallize  best  when  they  contain  an  excess  of  acid. 
The  neutral  acetate  is  very  soluble,  and  crystalliaea 
'with  difficulty. 

104S.  It  has  been  proved  by  the  experiments  of 
'M.  Pelletier,  that  the  nux  vomica,  besides  Strychnia, 
contains  an  alkaline  element  which  has  been  termed 
Urucia^  and  which  had  been  previously  discovered  in 
the  bark  of  the  False  Angustura,  or  Brucia  Antidtf' 
senterica.  From  this  latter  bark  it  was  -extracted  by 
digestion  in  sulphuric  sther,  and  then  in  alcohol  ;  the 
alcoholic  solution  was  then  evaporated,  and  the  dry 
residuum  dissolved  in  water.  This  solution  was  satu- 
rated with  oxalic  acid,  and  evaporated  to  dryness. 
Alcohol,  digested  on  the  residue,  took  up  the  colour- 
ing matter,  and  left  a  pure  oxalate  of  brucia.  This 
*  salt  was  decomposed  both  by  lime  and  magnesia,  which 
formed  insoluble  salts  with  the  oxalic  acid,  and  left  the 
brucia  soluble  in  spirit ;  it  requires  500  parts  of  water, 
at  SIS^,  and  850  at  common  temperatures,  but  its 
solubility  is  much  increased  by  the  colouring  matter  of 
the  bark. 

1043.  Bruda  crystallizes  in  oblique  prisms, .  the 
bases  of  which  are  parallelograms ;  its  taste  is  exceed- 
ingly bitter,  acrid,  and  durable  in  the  mouth ;  its  poi- 
sonous powers  are  similar  to  those  of  Strychnia,  but 
much  less  energetic ;  its  intensity,  when  compared  with 
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this  kuer  body^  being  as  I  to  19.    It  combines  with 
the  acids  and  finnu  both  neutral  and  acidulous  tialta.  ■ 

Salts  ofBrucia. 

1044.  5K/j7i&atf  o/'£rueta  crystallbet  inlongslen^ 
der  needles;  it  is  very  soluble  in  water,  and  tnoderatel; 
so  in  alcohol;  its  taste  is  extremely  bitter.  It  is  de- 
composed by  the  alkalies  and  alkaline  earths.  The 
bi*Butphate  crystalliies  more  readily  than  the  neutral 
compound. 

i(H5.  Muriate  ofBrucia  forms  in  four-wded  prisms^ 
terminated  at  each  end  by  an  oblique  &ce ;  it  is  per> 
nnsnent  in  the  air,  and  very  soluble  in  water;:  it  is 
decomposed  by  sulphuric  acid. 

1046.  Nitrate  of  Brucia  fcmnt  a  gum-like  mass ; 
but  the  bi-nitrate  crystallizes  in  acicular  four-sided 
prisms.  An  excess  of  nitric  acid  decomposes  the  Brucia 
into  a  matter  of  a  fine  red  cokmr. 

Delphi*. 

1047.  This  alkali  was  discoTered  in  the  Stavesaeref 
or  Delpkinitan  Staphj/tagrta.  M.  Majendie  has  given 
uS  the  following  formula  for  its  pr^>aradon.  Boil  a 
porUon  of  the  seeds  of  Delphinium,  cleared  bf  theiP 
coverings,  and  reduced  to  a  fine  paste,  in  a  little  di»> 
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slight  bittemesft  it  comiiMimoftteg.  It  ib  Very  sdiuble  m 
alcohol  and  sther.  It  is  fusible,  and  beoomesy  as  it. 
cools,  a  hard  and  brittle  substance ;  at  a  higher  tem- 
perature it  is  decomposed  and  bums  without  residue. 
Concentrated  nitric  acid  gireft  a  ]f^c#  lint  to  this 
alkali,  whilst  the  same  acid  gives  a  reddish  colour  to 
Brucia  and  Morphia.  It  forms  with  the  sulphuric^ 
nitric,. mnriatki,  oxalic,  acetic,  and  other  adds,  very 
soluble  neutral  salts,  the  taste  of  whi^  is  extremd^ 
acrid  and  bitter.  Alkalies  precipitate  it  in  the  fonn  of 
a  white  jelly. 

1048.  Its  effects  are  much  more  energeUc  than  those 
produced  by  Siavtsacre.  Six  grains  kill  a  dog  in  the 
space  of  two  or  three  hours.  In  the  state  of  an  acetate 
H  is  still  more  poisonous. 

PiCROTOXA. 

1049.  This  alkali  constitutes  the  actife  ingredient 
of  the  Coeculus  Indians^  (the  fruit  or  berry  of  the  Me- 
nispermum  Coeculus)^  from  a  strong  infusion  of  which, 
finimonta,  added  in  excess,  will  precipitate  a  white 
crystalline  powder.     This  powder,  after  bein|^  -wdl 
washed  in  cold  water,  is  partially  soluble  in  akohc^ 
and   by  .the  spontaneous  eyaporation  of  this  lait«r 
liquid  thus  impregnated,  Picrotosa  sep&rates  in  quad-* 
f ilateral  prisms  of  a  silky  lustre.    It  is  inodofous,  but 
very  bitter.  .  It  remains  unchanged  by  the  air ;  is  so- 
luble in  85  parts  of  boiling,  and  in  50  of  c(dd  water  ; 
in  three  pa^ts  of  alcohol,  but  much  more  abundantly 
in  cither.    If  is  extremely  virulent,  three  or  four  grains 
of  it  will  kilt  the  largest  dog  in  an  hour ;  it  is  also  very 
poisonous  to  fish.    Strong  sulphuric  acid  dissohrea  it, 
but  at  the  swie  time  ehars  and  destroys  it*    Nitrie 
Bfixd,  QoaTert$  it  into  oxalic  acid.    .It  combines  with 
acids  atid  forms  a  claas  of  sailts,  many  of  which  are  less 
active  than  its  ba^. 
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1050.  This  WBB  diBcovered  by  &aodes  in  the  Jtro^ 
pa  BeUadonna^  or  Deadly  Nightshade.  It  is  to  be  ob" 
tMited  fVom  a  decoc^on  of  the  leave*  of  this  plant,  by 
first  adding  to  it  sul|4iiiric  acid,  in  order  to  throw 
down  the  albumen  and  nmilar'  bodies,  by  which  the 
solution  becomes  thinner,  and  passes  with  greater  &- 
dlity  through  the  fittre ;  it  is  then  to  be  super-saturated 
with  potass ;  a  crystalline  precipitate  is  produced,  and 
if  this  be  well  washed  in  water,  and  then  (tissolred  in 
an  acid,  and  re-precipitated  by  an  alkali,  fiimiehea  the 
alkali  in  question.  When  perfectly  pure  it  has  no 
taste.  Cold  water  has  scarcely  any  e£fect  upon  it,  but 
it  dissolves  a  small  quantity  when  recently  precipitated, 
and  boiling  water  dissolves  still  tnore.  Cold  alcohol 
dissolves  only  a  small  portion,  but  when  bmliilg  it 
readily  acts  upon  it.  jGther  and  oil  of  turpottine, 
even  when  boilings  have  little  eKct  on  it.  It  neu- 
tralizes much  acid  and  produces  salts,  the  watery  solu- 
tions of  which  give  out,  by  evaporation,  vapours  which 
dilate  the  pupil  of  the  eye,  and  produce  giddiness. 

1051.  Sulphate  <if  Atroput  crystallizes  in  rhomb- 
oidal  tables  and  prisms  with  square  bases.  It  is  solu' 
ble  in  four  or  Bve  parts  of  cold  water. 

1059.  The  muriatic,  nitric,  acetic,  and  oxalic  acids, 
dissolve  A'tropia,  and  form  acicular  salts,  all  soluble  in 
water  and  alcohol.  M.  Brandes  was  obliged  to  dis- 
continue his  experiments  on  the  subject,  in  conse- 
quence of  the  violent  headache,  puns  in  the  back,  and 
giddiness,  with  frequent  nausea,  which  the  vapours  of 
this  alkali  occasioned  while  he  was  working  on  it. 

Vebatria. 
1053.    This  alkaline  principle  was  lately  discovered 
by  M.  M.  PcDetier  and  Caventou,  in  the   Veratrum 
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Sabadilla^  or  Cevadilla;  in  the  Verairum  a/ftirm,  or 
White  Hellebore,  and  in  the  Colchicum  Auiumnale^ 
•or  Meadow  Saffiron*  Bj  the  following  prdcefli  these 
eminent  Analysts  obtained  the  alkali  in  ah  isolaled 
fornix  The  seeds  of  Cevadilla,  after  being  fieed  firoia 
an  unctuous  and  acrid  matter  by  sether,  were  digested 
in  boiling  alcohol*  As  this  infusion  cooled,  a  little 
wax  was  deposited ;  and  the  liquid  being  evaporated 
to  an  extract,  re«*dissolved  in  water^  and  again  con* 
centrated  by  evaporation,  parted  with  its  colouring 
matter*  Acetate  of  lead  was  now  poured  into  the  so* 
lution,  and  an  abundant  yellow  precipitatfii  fell,  leaving 
the  fluid  nearly  colourless*  The  excess  of  lead  veas 
throym  down  by  sulphuretted  hydrogen,  and  the  fil* 
tered  liquor  being  concentrated  by  evi^ration,  was 
Ireated  with  magnesia,  and  again  filtered*  The  preci- 
pitate boiled  in  alcohol,  gave  a  solution,  which,  on 
^evaporation,  left  a  pulverulent  matter,  extremely  bitter, 
«nd  with  decidedly  alkidine  characters.  It  was  at  first 
yellow,  but  by  solution  in  alcohol,  and  pi^cipitation 
by  water,  was  obtained  in  a  fine  white  powder.  The 
precipitate  by  the  acetate  of  lead  gave  on  examination^ 
gallic  acid;  whence  it  is  inferred  that  the  Yeratria 
exists  in  native  combination  as  a  GcUleUe. 

1054.  Veratria  is  sparingly  soluble  in  aether,  but 
more  abundantly  so  in  ajcohol ;  in  cold  water  it  is  not 
more  soluble  than  Morphia  or  Strychnia;  boiling  water, 
however,  dissolves  l,0(X)th  of  its  weight,  and  acquires 
an  acrid  taste.  It  fuses  at  1S3®,  and  then  appears  like 
wax;  at  a  higher  temperature  it  swells,  decomposes^ 
and  bums.  It  saturates  all  the  acids,  and  forms  with 
them  uncrystallizable  salts,  which,  on  evaporation,  take 
the  appearance  of  gum.  The  sulphate  alone  affords 
rudiments  of  crystals  when  its  acid  is  in  excess.  Nitric 
acid  combines  with  Veratria ;  but  if  added  in  excess, 
especially  when  concentrated,  it  does  not  produce  su^ 
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-peroxidaljoii,  as  inilte  case  of  MorpUa  and  Stryclmia ; 

'but  it  very  rapidly  resolves  the  vegetable  substance 

-intoits  elements,  and  gives  birth  to  a  yellow  detonating 
matter  anal(^a«  to  the  bitter  principle  of  Weltker. 
The  acetate  is  the  most  active  of  all  its  salu.    Veratna, 

■in  a  very  minute  quantity,  occasions  dreadful  sicknesB 
and  vomiting,  and  in  the  dose  of  a  few  grains  proves 
fiUaL.  When  inhaled  into  the  nostrils,  it  |Hoduccs 
violent  and  dangerous  sneezing,  even  when  the  quan- 
tity  is  too  small  to  be  weighed. 

HrOSCTAMA. 

1055.  This  alkali  vras  extracted  by  Brandes  &ora 
the  Hyostyamua  Nigra^  or  Henbane.  It  crystallizes 
in  long  prisms,  and  when  neutralized  by  sulphuric  or 
nitric  acid  forms  characteristic  salu. 

1056.  Such  are  the  principal  V^eto-alkalies  which 
liave  been  discovered  as  constituting  the  active  ingr^ 
dientf  of  certain  medicinal  plants.  Others  have  been 
extracted  fixim  difierent  vegetables,  hut  it  will  be  un- 
necessary to  enter  into  their  history,  as  fiuther  experi- 
ments are  required  to  establish  tb^r  identity,  and  to 
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or  Hmm^Uowykhi  Qmpechiamwm^  of  which  it  fbrmB 
the  ooloitring  matter ;  Nieotin^  one  of  the  active  prin- 
ciples  of  Tobacco ;  Sarcdc^ll,  a  spontaneous  exuda- 
tion from  the  PiBnca  SatcocoUd,  whidi  greatly  reaem- 
bles  gum,  but  is  precipitated  by  Tailnin  ;  MedMm, 
or  the  pith  of  the  Sun-flower ;  QuharHnCy  the  sup- 
posed cathartic  principle  of  Senna ;  Pipertncy  bam 
die  black  pepper ;  Lupulimj  from  the  Hop,  &c.  &fe. 

LiGNIN. 

1058.    Aher  we  have  removed,  by  the  processes  al- 
ready described,  all  those  principles  which  are  soluble 
in  any  'menstruum,  we  arrive  at  the  wood,  or  woody 
-fibre,  termed  Xigntn,  and  which  may  be  regarded  as 
the  d:eleton  of  trees,  and  of  the  greater  number  of 
plants  in  general ;  and  from  whatever  vegetable  sonroe 
it  is  obtained,  its  chemical  properties  appear  to  be 
essentially  the  same.    It  is  perfectly  destitute  of  smell, 
taste,  and  colour ;  and  its  specific  gravity  is  generally 
inferior  to  that  of  water.     It  is  insoluble  in  water  and 
alcohol  at  all  temperatures.    It  is  acted  upon  by  the 
pure  fixed  alkalies,  which  render  it  sofl  and  of  a  bnmn 
colour ;  and  if  equal  weights  of  potass  and  saw-dust 
are  heated  together,  the  latter  are  completely  dissolred, 
and  an  aqueous  solution  may  be  efiected,  from  which 
a  gnm-Iike  substance  is  precipitated  by  an  add ;  the 
same  result  is  obtained  by  treating  lAgnin  with  con- 
centrated sulphuric  acid,  and  saturating  the  product 
with  carbonate  of  lime.     Nitric  acid  decomposes  JJg' 
nin  with  the  assistance  of  heat,  and  oxalic,  malic,  and 
acetic  acids  are  formed.     When  exposed  to  heat,  it 
yields  an  acid,  formerly  termed  the  pyroligneous^  but 
which  recent  experiments  have  shewn  to  be  identic«i 
•with  the  acetic  acid  (963.)     The  ultimate  elements  of 
]jgnin  appear  to  be  earbon,  7  atoms,  oxygen,  idittOj 
/lydrogen,  4  ditto. 
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1059.  Such  are  the  general  characters  of  the  most 
important  of  the  proximate  vegetable  principles,  and 
it  is  essentially  necessary  to  the  chemical  student  to 
become  well  acquainted  with  them  by  study  and 'ex- 
periment. It  is  equally  important  that  he  should  know 
the  proportions  of  the  ultimate  elements  of  each,  since 
that  knowledge  will  enable  him  to  understand  the  • 
changes  of  which  they  are  susceptible,  and  to  explain 
the  theory  of  their  mutual  conversion  into  each  other. 
In  order  to  furnish  a  more  satisfactory  view  of  this 
subject,  I  shall  here  introduce  a  Synoptical  Table  of 
the  ultimate  composition  of  the  proximate  principles. 


A  TABLE  OF  ORGANIC  ANALYSES, 
ACCORDING  TO  THE  LATEST  DISCOVERIES  OF  DR.  URE. 


Substaoces. 

Carbon. 

Oxygen. 

Hfiiogtn. 

Azot. 

Suppoaing  the  Oxy- 
gea  and  Hydrogen  to 
exist  H  Water. 

Exoew. 

Gum  Arabic  .... 

35*13 

53-79 

6-08 

3? 

54*72 

7-15  Oxygen, 

Starch 

38  &5 

55*32 

6*13 

' 

55- 16 

6-3     ditto 

Suffar 

4338 

50-33 

6*29 

56-62 

0 

Resiu 

76-.. 

12-50 

12-50 

15-20 

11-20  Hydhgeiu 

Yellow  Wax.... 

80-69 

7-94 

11*37 

8*93 

10-39  ditto 

Camphor  • .  ^ .  • . » 

77-38 

11*48 

11*14 

12-91 

9-71  ditto 

Oil  of  Turpentine 

82-51 

7  87 

9-62 

8-85 

8-64  ditto 

Spermaceti  Oil.. 

78*91 

10-12 

10-97 

11*34 

9*71 .  ditto 

Castor  Oil . .... . 

74-.. 

15*71 

10-29 

17*67 

8-33  ditto 

Alcohol,  ftp.g.812 

47-85 

39-91 

12-24 

44-9 

7*25  ditto 

iGtber,  070  .... 

59-60 

27-1 

13-3 

30-5 

9*9   ditto 

Citric  Aci4 

83'.. 

62*37 

4-63 

41-67 

Sft*3Sl  Oxygen. 

Acetic  Acid 

48* 

^o   •  . 

4*.. 

% 

36*.. 

16-..   ditto 

Tartaric  Acid  . . . 

31-42 

65-82 

2-76 

24-84 

43-74  ditto 

Ojialic  Acid  . . . . 

19-13 

76*20 

4*76 

* 

42-87 

38-09  ditto 

Benzoic  Acid.... 

66-74 

28*32 

4-94 

31-86 

1-4   ditto 

The  discordance  shewn  in  the  above  Tabic  with  the  analyses  of  other  ChcinisLs 
rvinces  the  necessity  rtf  farther  investi^tioii. 
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OP  THE  SPONTANEOUS  CHANGES   OP  WHICH  CERTAIN 
VEGETABLE  BODIES  ABP  SUSCEPTIBLE. 

1060.  It  has  been  already  observed,  that  all  the 
elementary  principles  of  organic  nature  may  be  con- 
sidered as  deriving  the  peculiar  delicacy  of  their  che- 
mical equilibrium,  and  the  consequent  facility  with 
which  it  may  be  subverted  and  new  modelled,  to  the 
multitude  of  atoms  grouped  together.  These  atoms, 
however,  have  been  shewn  to  be  very  few  in  kind,  and 
hence  we  can  easily  understand  why  one  proximate 
principle  can  be  so  readily  converted  into  others ;  the 
same  materials  serving  for  all,  and  a  slight  change  in 
their  proportions  impressing  upon  the  compound  a 
striking  change  of  character.  We  have  thus  seen  that 
gum  is  convertible  into  no  less  than  four  acids  by  the 
modified  action  of  nitric  acid ;  that  starch  is  converti- 
ble into  sugar,  and  sugar  into  oxalic  acid,  &c.  Upon 
the  same  principle  we  have  now  to  consider  those  im- 
portant changes  which  spontaneously  take  place  in 
certain  Vegetable  bodies,  and  to  which  the  general 
term  of  Fermentation  has  been  applied. 

Phenomena  and  Products  op  Fermentation. 

106  L  Lavoisier  was  the  first  philosopher  who  insti- 
tuted, on  right  principles,  a  series  of  experiments  to 
investigate  the  phaenomena  of  Fermentation,  and  so 
judiciously  were  they  contrived,  and  so  accurately  con- 
ducted, that,  as  Dr.  Ure  justly  observes,  his  results 
are  comparable  to  those  derived  from  the  more  rigid 
methods  of  the  present  day.  The  generic  term  Fer^ 
mentation  is  used  to  express  the  spontaneous  changes 
which  organic  matter  tmdergoes,  when  combined  vrith 
sufficient  water,  and  exposed  to  the  ordinary  tempera^ 
ture  of  the  atmosphere.    It  comprises  three  distinct 
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processes^  and  the  fermentation  i»  said  to  be  vinous^ 
acetous^  or  putrefactive^  according  to  the  result  which 
accompanies  it.  To  these,  perhaps,  a  fourth  species 
may  be  added,  viz.  that  which  accompanies  the  con-» 
version  of  flour  into  bread,  and  which  has  been  termed 
the  Panarjf  Fermentation,  We  shall  consider  these 
different  species  in  succession. 

Vinous  Fermentation, 

1062.  Under  this  name  is  comprehended  every  va^ 
riety  of  fermentation  which  terminates  in  the  formation 
pf  an  intoxicating  liquid. 

1063«  The  principal  substance  employed  in  vinous 
fermentation  is  Sugar,  and  no  solution  can  undergo 
this  process  which  does  not  contain  it  in  a  sensible 
quantity ;  now,  such  solutions,  though  numerous,  majr 
be  comprehended  under  two  heads,  viz.  those  obtained 
from  the  juices  of  plants,  and  those  obtained  from  the 
decoction  of  seeds.  The  result  of  the  fermentation  of 
the  first  is  termed  Wine^  that  of  the  second.  Beer, 
All  these  fermented  liquors,  however,  owe  their  intoxi- 
cating quality  to  one  and  the  same  principle,  viz.  Alco* 
hoi;  akid  all  the  varieties  of  Spirit  obtained  from  them 
by  distillation,  and  known  under  the  names  of  Brandy, 
Rum,  Spirits  of  Wine,  Arrack,  Gin,  and  Whisky,  differ 
from  each  other  merely  in  flavour  and  strength. 

1064.  Let  us  observe  the  phenomena  of  Vinous 
f^ermentation,  and  examine  the  chemical  changes  which 
occur  during  its  progi'ess. 

1065.  Although  no  solution  is  susceptible  of  vinous 
fermentation  unless  it  contain  sugar,  still  pure  sugar 
alone  is  unfermentable,  and  requires  the  presence  of 
pome  leaven  to  enable  it  to  undergo  that  process.  In 
the  native  juices  of  fruits,  as  well  as  in  imperfectly  re- 
fined sugar,  such  a  principle  exists,  whence  the.  ad4i7 
li9n  pf  a  ferment  or  leaven^  is  not  essential  for  tbeic 
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fermentation.  Considerable  obscurity  still  exists  with 
respect  to  the  nature  and  composition  of  tbis  fennent-* 
ing  principle,  but  late  experiments  render  it  ptyibable 
that  it  is  Gluten^  or  rather  Zimome,  {9\2) 

1066.  The  Ferment  or  Yeast  is  a  substance  which 
separates  under  the  form  of  flocculi,  more  or  less  viscid, 
from  all  the  juices  and  infusions  which  experience  the 
vinous  fermentation.  It  is  commonly  procured  from 
the  beer  manufactories,  and  is  hence  called  the  Barm 
of  Beer. 

1067.  If  a  mixture  of  five  parts  of  sugar,  twenty  of 
water,  and  one  of  yeast,  be  introduced  into  a  matrass, 
furnished  with  a  doubly  bent  tube,  the  end  of  which 
is  made  to  pass  under  an  inverted  jar  in  the  hydro* 
pneumatic  trough,  as  here  represented,  the  following 
phsenomena  will  present  themselves* 


If  the  materials  in  the  matrass  be  exposed  to  a  tern* 
peratui-e  of  from  TO""  to  SO"*,  we  shall  speedily  observe 
the  syrup  to  become  muddy,  afid  a  multitude  of  air 
bubbles  to  form  all  around  the  ferment.  These  unite, 
and  attaching  themselves  to  pwrticles  of  the  yeast,  rise 
along  with  it  to  the  surfiu^e,  forming  a  stratum  of  froth. 
The  yeast  vrill  then. disengage  itself  from  the  air,  fell 
to  the  bottom  of  the  vessel,  to  reacquire  buoyancy  a 
second  time  by  attached  air  bubbles,  and  thus  in  sue* 
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cession;  at  the  jNtme  time  bubbles  of  carbonic  acid 
will  continue. to  pass  over  into  the  jar  of  |he  pneumatic 
trough.  After  a  certain  period,  however^  this  intestinal 
motion  will  cease,  and  .the  fluid,  depositing  a  sediment, 
will  become  dear ;  it  is  now  no  longer  sweet,  but  has 
acquired  a.  new  taste. 

1068.  Now  what  i^  the  cause  of  this  fermentation,? 
What  are  the  substances  which  mutually  decompose 
each  other  ?  and  what  is  the  nature  of  the  new  sub- 
stance formed  ? 

1069.  JLaFoisier  found  that  the  presence  of  atmos- 
pheric air  is  not  essenlia]  to  the  process ;  although 
the  liquor  when  shut  up  in  close  .veaseb  does  not  so 
readily  ferment ;  this,  however,  depends  upon  the  ac- 
cumulation of  carbonic  acid.  No  oxygen  is  absorbed, 
nor  is  any  water  decomposed  during  the  proems;  90 
that  the;  sugar  alone  furnishes  the  two  new  pro^ucts,*^ 
the  alcohol,  and  .the  carbonic  acid.  Lavoisier,  on  com- 
paring the  composition  of  sugar  with  that  of  alcohoT 
was  led  to  the  conclusion  that,  during  the  vinous  fer- 
mentation, part  of  the  carbon,  by  uniting  with. the  oxy- 
gen of  the  sugar,  passes  to  the  state  of  carbonic  acid, 
and.  that  the  remaining  carbon,  with  the  hydrogen  of 
4he  sugary  compose  alcohol.  If,  therefore,  it  were  pos- 
sible to  combine  carbonic  acid  and  alcohol,  sugar  ought 
■to  be  regenerated.  Discoveries  subsequent  to  those. of 
I^MMsier  have  assigned  diflkient  proportions  to  the 
elements  both  of  sugar  and  alcohol,  but  they  have  left 
.his  general  theory  of  the  conversion  of  the  one  into  the 
other  entire ;  «md  it  will  remain  as  a  lasting  .monument 
of  his  sagacity.  The  part  which  the  ferment  playajn 
this  interesting  metamorphosis  is  still  involved  in. much 
obscurity ;  it  would  seem  probable  that,  from. its  UraDg 
affinity  for  oxygen  it  abstracts  a  small  proportion  oCit 
from  the  saccharine  matter,  and  the  equilibrium  be- 
tween the  particles  of  the  sugar  being  thus  broken, 
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these  so  re-act  on  each  other,  as  to  be  transfonned  into 
alcohol  and  carbonic  acid ;  at  the  same  time,  the  yeast 
which  is  aheady  in  a  state  of  fermentation,  may  tend  to 
equalise  the  action  throughout  every  part  of  the  liquid. 

1070.  When  we  distil  any  liquor  which  has  an* 
dergone  the  vinous  fermentation,  we  obtain  a  spirituous 
liquoTy  which  by  rectification  affords  a  diluted  alcohol 
commonly  tenned  Spirits  of  Wine,  It  has  been  doubted 
whether  the  alcohol,  obtained  by  the  distillation  of 
wines,  and  of  other  fermented  liquors,  is  an  educt  or 
a  product ;  or,  in  other  words,  whether  it  exists  ready 
formedj  or  is  actually  generated  during  the  distillation. 
We  are  indebted  to  Mr.  Brande  for  setting  this  ques- 
tion completely  at  rest,  by  shewing,  in  the  first  place^ 
that  the  quantity  of  alcohol  resulting  from  the  distilla- 
tion of  wine,  is  not  altered  by  a  variation  of  tempera- 
ture equal  to  SO  degrees  of  Fah.  and  in  the  next  jdace, 
by  actually  separating  the  alcohol  from  fermented  li- 
quors, without  the  intervention  of  heat.  The  follow- 
ing is  the  process  by  which  he  effected  this  object: — 
By  adding  a  solution  of  the  acetate  of  lead  to  wine,  he 
precipitated  the  extractive  and  colouring  matter  in 
combination  with  the  metallic  oxide ;  he  then  filtered 
the  fluid,  and  thereby  obtained  a  mixture  of  alocAd, 
water,  and  a  portion  of  the  acid  of  the  metallic  salt ; 
the  water  was  separated  by  hot  and  dry  sub-carlxmate 
of  potass,  and  the  alcohol  was  left  floating  at  the  top, 
as  a  distinct  stratum.  The  experiment  may  be  con- 
veniently performed  in  a  glass  tube,  from  hidf  an  inch 
to  two  inches  diameter,  which  is  accurately  graduated 
into  100  parts. 

1071.  By  an  extensive  series  of  experiments,  con- 
ducted ^pon  the  principle  above  related,  Mr.  Bnmde 
was  enabled  to  construct  the  following  Table. 


Quantity/ of  Alcohol  in  Wines. 
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Table  of  the  quantity  of  Alcohol  {Sp,  Gr.  '825)  at 
60®  Fah,  in  several  kinds  of  Wines,  and  other  liquors. 


Per  C(Mf .  hy  Meamre. 
Port,  average  of  6  kinds  83*48 

Ditto,  highest    25* 8S 

Ditto,  lowest 21  *40 

Madeira,  highest 24-42 

Ditto,  lowest 19*34 

Sherry ,  aver,  of  4  kinds   1 7  -  92 

Ditto,  highest 19*83 

Dittojowest 13*25 

Claret,  aver,  of  3  kinds .  14*43 

Calcavella 18*10 

LisboB 18*  94 

Malaga 17*26 

Bacellas 18*49 

Red  Madeira 18*40 

Malmsey  Madeira 16*40 

Marsala 25*87 

Ditto 17-26 

Red  Champagne 11*30 

White  ditto 12*80 

Burgundy 1 1*  55 

Ditto 11-95 

White  Hermitage 17  43 

Red  ditto 12*32 

Hock 14*37 

Ditto 8-88 


Per  Cent,  by  Measure. 

Palm  Wine 4-70 

Via  de  Grave 12*80 

Frontignac 12*79 

CotiRoti 12*32 

Rousillon 17*26 

Cape  Madeira 18*11 

CapeMuschat 18*25 

Constantia 19*75 

Tent 13*30 

Sheraaz 15*52 

Syracuse 15*28 

Nice 14*63 

Tokay 9*88 

Raisin  Wine .25*77 

Grape  Wine 18*11 

Currant  Wine 20*55 

Gooseberry  Wine 1 1*  84 

Elder  Wine,  Cider,  and 

Perry  9*87 

Stout 6-80 

Ale 8*88 

Brandy 53*39 

Rum 53-68 

Hollands 51*60 


1072.  When  the  intoxicating  powers  of  wine  and 
spirit  are  compared,  it  must  be  admitted  that  they  bear 
no  proportion  to  the  quantity  of  spirit  which  they  con- 
tain ;  it  has  for  instance  been  shewn  that  Port,  Madeira, 
and  Sherry,  contain  from  one-fourth  to  one»sixth  their 
bulk  of  alcohol,  so  that  a  person  who  takes  a  bottle  of 
either  of  them  will  thus  take  nearly  half  a  pint  of  al- 
cohol, or  almost  a  pint  of  pure  brandy !  and  moreover, 
it  is  known  that  wines  which  have  been  found  by  ex- 
periment to  contain  the  same  absolute  proportion  of 
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alcohol^  possess  very  varying  powers  of  intoxicaling* 
We  cannot  therefore  be  surprised  at  the  sceptidaia 
which  has  existed  upon  the  subject  of  the  alcohors 
pre-existence  in  vinous  liquors.  The  fact,  however,  is 
easily  reconciled  by  the  Physiologist,  who  is  well  aiware 
of  the  extraordinary  powers  of  chemical  combination, 
or  even  of  mixture,  in  modifying  the  activity  of  sub- 
stances upon  the  living  system.  I  have  already  com- 
mented so  largely  upon  this  fiict  in  the  first  volume  of 
my  Pharmacologia,  that  in  this  place  it  is  only  neces- 
sary to  state,  that  in  wine,  the  alcohol  would  appear 
to  be  so  intimately  combined  with  extractive  matter, 
that  it  is  incapable  of  exerting  its  full  ef&cts  upon  the 
stomach  before  it  becomes  altered  in  its  properties  by 
the  powers  of  digestion.  This  remark,  however,  ap- 
plies only  to  pure  wine ;  such  ae  are  brandied  contain 
'the  alcohol  in  an  uncombined  form,  €uid  are  conse- 
quently as  powerful  bs  the  same  quantity  of  spirit  in  a 
similar  state  of  dilution. 

Alcohol. 

1073.    To  obtain  pure  alcohol,  the  Spirit  of  Wine 
of  the  shops  must  be  slowly  and  carefully  distilled; 
but  by  this  process  we  can  scarcely  obtain  it  of  a  lower 
specific  gravity  than  *  825.    If  our  object  be  to  procure 
it  in  a  higher  state  of  concentration,  we  must  distil  the 
Recited  Spirit  of  commerce  with  one-fourth  of  its 
weight  of  dry  and  warm  sub-carbona|e  of  potass,  at 
a  temperature  of  SOO^ ;  and  diraw  over  about  three- 
iburths  of  the  original  quantity.    The  dry  chloride  of 
calcium  (Muriate  oflAme)  may  also  be  evq»loyed  for 
the  same  purpose,  but  it  has  been  supposed  that,  in 
this  case,  a  small  portion  of  »ther  is  generated.    It  has^ 
been  also  found  that  spirit  of  wine  of  sp.  gr.  *  867,  when 
inclosed  in  a  bladder,  and  exposed  for -some  time  to 
the  air,  is  converted  into  alcohol  of  sp.  gr.  »SI7,  the 
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water  only  escaping'  throngH:  the  ooat^  of  the  bladder; 
This  fact  is  well  deserving  the  attention. of  the  anato^ 
mist,  who  has  long  supposed  that  the  diminution  of 
liquid  in  hk  Wet  prq»raticH»  entirely  dbpendkl  upon 
the  loss  of  alcohol; 

1074.  Alcohol  thus  obtained*  is  a  limpid,  colouriiBBS' 
liquid,  of  an  agreeable  smell,  and  a  strong  flavour.  Ita 
specific  granrity  yaries  with  its  purity,  but  it  is  always 
lighter  than  water.  The  strongest  spirit  that  haa 
hitherto  been  procurMis  of  sp.  gr.  0*796,  at  the  tem^ 
pemture  of  60^  Fah*  and  it  is  probably  alcohol  free 
from  water ;  the  ^^  AkohoP'*  o6  the  Pharmacopoeia  (sp. 
gr.  *815)  is  supposed  to  contain  7  per  c«it ;  <<  Rect^ieA 
SpiriU  of  Wine  J**  15  per  cent. ;  and  Proof  Spirit^  56- 
per  cent,  of  water.  Pure  alcohol  has  ne^^r  been  ren* 
dered  solid  by  exposure  to  any  degree  of  cold,  eitlier 
natural  or  artificial,  but  reotifiM'  spirit  has  been 
latMy  solidified  by  cold  produced  by  the  rapid  evapo*^ 
ration  of  sulphurous  acid-  (6S5)*  The  quantity  of  ali- 
cohol  and'  water,  in  mixtures  of  dAfkrent  specific  gra* 
vities,  may  be  at  once  learnt  by  referring  to  Mr.  Gilpin's 
copious  tables,  published  in*  the  Philosophical  Trans* 
actions  (1794),  and  which,  either  entire  or  in  the  form 
of  an  abridgement^  have  been  introduced  into  the  va* 
rious  works  on  geneml  Chemistry. 

1075.  Alcohol,  sp.  gr.  '8S0,  boils  at  170^,  or  in 
vacuo  at  56^  ;  when  of  sp.  gr.  -  800  it  boils  at  179*  5. 
If  water  be  added,  its  boiling  point  is  raised.  Alcohol' 
sp.  gr.  '900  has  been  found  by  Mr.  Dalton  to  boH  at 
182"" ;  that  of  *8d0  at  nO"".  In  this  case,  as  in  others* 
where  two  volatile  liquids  are  mixed,  the  boiling  point 
is  varied,  but  not  proportionably ;  for  Dr.  Henry  ob- 
serves that  the  mixture  boils  nearest  the  boiling  poin^ 
of  that  which  is  most  vohttile ;  thus,  a  mixture  of  equal 
parts  of  alcohol  of  such  a  strength  as  to  boil  at  170^^ 
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and  water,  ought  by  the  rule  of  proportion  to  boil  at 
194^,  whereas  in  fact  it  boils  at  188°. 

1076.  Alcohol  is  extremely  volatile,  an^  produces 
considerable  cold  by  its  evaporation  (S51),  the  degree 
of  which  will  be  proportional  to  the  strength  of  the 
spirit  employed;  if,  for  instance,  a  certain  degree  of 
cold  be  produced  by  the  evaporation  of  water,  and 
another  degree  by  that  of  alcohol,  a  spirit  of  half 
strength  will  give  a  degree  of  cold  just  half  way  be- 
tween the  two.  Alcohol  is  highly  inflammable,  and 
bums  away  with  a  blue  flame,  without  leaving  any 
residue;  and  although  the  light  emitted  by  its  com- 
bustion be  feeble,  the  heat  evolved  is  so  considerable 
as  to  render  it  subservient  to  various  chemical  pro- 
cesses.  ^^K)/ ./ 

1077.  If  tlie  products  of  the  combustion  of  alcohol 
be  carefully  collected,  we  shall  obtain  carbonic  acid, 
and  a  quanUty  of  water  exceeding  the  original  weight 
of  the  alcohol  burned.  According  to  Saussure,  jun. 
100  parts  of  alcohol  will  thus  afibrd  136  parts  of  water ; 
this  excess  is  to  be  explained  by  the  addition  of  the 
oxygen  of  the  atmosphere  during  its  combustion. 

1078.  Alcohol  unites  chemically  with  water  in  every 
proportion,  and  the  union  is  accompanied  by  an  evo- 
lution of  heat.  Equal  measures  of  alcohol  and  water, 
each  at  50^  Fah.,  give  by  sudden  admixture  an  eleva- 
tion of  nearly  SO  degrees  of  temperature ;  and  equal 
measures  of  proof  spirit  and  water  occasion  an  increase 
of  9i°.  There  is  also  a  "  Penetration  of  dimensions^'' 
(31)  upon  this  occasion ;  that  is  to  say,  the  bulk  of 
the  resulting  liquid  is  less  than  that  of  the  two  before 
admixture,  and  consequently,  the  specific  gravity  of 
the  mixture  must  exceed  the  mean  of  those  of  its  in- 
gredients ;  thus  a  pint  of  alcohol  and  a  pint  of  water, 
when  the  mixture  has  cooled  to  the  temperature  of  the 
atmosphere,  falls  considerably  short  of  two  pints. 
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1079*  Alcohol  IS  a  very  powerful  solvent  of  many 
substcunces ;  and  it  is  ofi  this  account  that  it  constitutes 
a  most  valuable  agent  in  pharmacy.  It  dissolves  soap, 
alkaline  sulphurets,  vegetable  extractive,  tannin,  sugar, 
volatile  oils,  camphpr,  and  resins ;  it  dissolve  fixed 
oils  but  sparingly,  except  Castor  oil,  which  it  dis- 
solves abundantly.  It  also  combines  with  phosphorus, 
sulphur,  and  the  pure  alkalies,  but  not  with  their 
carbonates.  It  dissolvies  the  benzoic,  camphoric,  gallic, 
oxalic,  and  tartaric  acids.  Of  the  class  of  salts,  alco- 
hol dissolves  many  copiously,  some  sparingly,  and 
others  not  at  all.  The  solubility  of  each  particular 
salt  in  this  menstruum  has  been  mentioned  under  its 
history.  It  may  be  here  stated  generally,  that  all  deli« 
quescent  salts  are  soluble,  while  the  sulphates  are 
insoluble.  The  solubility,  however,  of  salts,  like  that 
of  many  of  the  vegetable  principles,  will  depend  upon 
the  strength  of  the  alcohol  employed ;  for  a  mixture  of 
spirit  and  water  appears  to  possess  greater  energy  as  a 
solvent  in  many  cases,  than  is  possessed  by  either  of 
them  in  a  separate  state.  When  alcohol,  containing 
certain  saline  bodies  in  solution,  is  set  on  fire,  its  flame 
is  .often  tinged  of  different  colours  according  to  the 
body ;  thus,  nitrate  of  strontian  tinges  it  purple ;  bo- 
ntcic  acid  and  cupreous  salts,  green;  muriate  of 
lime,  red;  and  nitre  and  oxy- muriate  of  mercury,  a 
yellow  colour. 

1060.    According  to  Sauseure,  jun.  alcohol  is  com- 
posed of  nearly 

CarboD....  58*17  om  atoms =  18 

Oxygco...  34*79  ..1 =    8 

}lydrogen..  13*04  ..3 =    3 

1 00.00  Weight  of  its  atom  =83 
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,1081.  When  alcohol  is  distilled  with  tlie  more 
powerful  acids,  it  undergoes  an  important  changi^  and 
is  coniKirted  into  a  much  more  highly  Yolatite  aM 
inftetmmable  liquid,  and  wliicb,  unlike  i^coholy  is  only 
miacible  in  a  small  proportion  with  water.  This  fluid 
has  received  the  generic  name  of  JSther;  and  the 
pectiliar  varieties  are  distinguished  by  adding  the  nmne 
of  the  acid,  by  the  intervention  of  which  they  are  pre- 
pared ;  we  have  accordingly,  Sulphuric^  NUriCy  ilfti- 
riatiCy  and  Acetic  ^ther,  ftc. 

SULPHUBIC  ^THEB. 

s 

108!?.  To  prepare  this  licptrid,  let  a  quantity  of  alctH 
hoi  be  introduced  into  a  glass  retort,  ami  then  an  equali 
weight  of  sulphuric  add  be  gradually  added  in  drnded 
portions,  taking  care  to  agttatte  the  miictiire  after  eadk 
addition,  and  to  allow  a  snfiicient  interval,  to  present 
its  exceeding  the  temperatme  of  190^.  The  retort  is 
tben  to  be  cautiously  placed  in  a  sand  bath,  previonnly 
heated  to  900^,  so  that  the  liquor  may  boil  as  quickly 
as  potoible,  and  the  sether  may  pass  over  into  a  tubuV 
lated  receiver,  to  which  another  receiver  is  adapted 
and  kept  cold  by  ice  or  water.  Let  the  liquor  distil, 
until  a  heavier  fluid  begins  to  pass  over,  and  to  ef^tetir 
under  the  aether  at  the  bottom  of  the  receiver.  To  the 
liquor  which  remains  in  the  retx>rt,  again  pour  twelve 
ounces  of  rectified  spirit,  that  aether  may  distil  in  the 
same  manner.  If,  when  the  sether  ceases  to  be  fbrtiied^ 
the  receiver  be  removed,  and  the  heat  still  cdAttnued, 
a  black  froth  boils  up  in  the  retort^  stilphurous  acid 
is  produced  abundantly,  and  the  heavier  liquor,  above 
mentioned,  may  be  obtained  in  considerable  quantity ; 
this  is  termed  Oil  of  Wine.  Sulphuric  aether,  as  thus 
prepared,  is  far  from  pure,  it  contains  alcohol,  water. 


and  siiiphiil^ous  aeid;  H>  remove  thtiBMf^  H  prode^'of 
Recfeifiiiatieii^i^mdtitutecly -^hiclir  oonsiels  in  pedistiUing 
it  in  coAtocI  with'  fused  fQt4»»v 

lOSSw  Lei  UB  ^deayour  tb^.^Bplain  %h^  clumgeB 
wbtch  the  alcohel^  and  sulpburio  acid  undergo  in-  this- 
operation.  It  appears  diat  t^  praceed  of  atherifieatioft 
dqfiends  upon  abBtracting  fi^om  akohol  oiie-half  of  its 
oxygeiiy  and  one<«sixth  c^  itS'  hfdrogeny  whieh^  it  will* 
beobsffiryed,  are  in  the  proportions  required  to  form 
water,  ihus 

Carbott 4  atoms    4  atoms    4  atoms 

Oxygen 2   ,.«.      1    ....      0 

llydrogea 6    •••.      5    •.••      4    ..•'. 

lOM.  When  a  much  huger  proportion  of  iu^hnric 
acid  is  added  to  the  alcohol,  thaA  that  direct^  for  thiv 
preparation  of  sther,  we  obtaan  diflerent  redvlts ;  titde- 
ai  no  SBther  is  formed,  but  buearburetied  hjfdrogem 
ga$^  or  Olefimni  gasy  coitttitnte^  the  prnkcipa]  pro** 
dact  (486).  In  this  case  double  the  quantity  of  exyv 
gen  and  hydrogen  is  taken  from  the  alcohol,  whicb  we* 
shril  see  by  a  reference  to  the  atdmic  proportions  above 
stflited  will  lea?e  4  atoms  of  carbon  -|^  4  atoms  of  hy^- 
drogen,  which  will  exactly  constitute  4  atoms  of 
bi*carburetted  hydrogen  (485). 

1085.  The  Mack  matter  which  bubbles  up  in  the 
retort  is  produced  by  a  farther  decomposition  of  the 
alcohol,  in  which  its  faydr6gen,  combining  with  the  ojcy* 
gen  of  the  acid,  leaves  a  residuum  of  carbon,  whUe  a 
portion  of  the  sulphurtc  is  at  the  same  time  converted 
into  sulphurous  acid.  The  carbon  in  thi^  case  exists 
in  a  peculiar  state  of  modification,  (471)  and  appears 
to  hold  some  hydrogen  in  combination. 

1086.  If  any  additional  argument  were  necessary 
to  confirm  the  above  theory  of  setherification,  it  has 
been  lately  afibrded  by  a  most  satisfactory  experiment. 
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in  which  alcohol  was  converted  into  ethar  by  Uie 
transmission  of  a  carrent  ofJFtuoboric*  acid  gas  throu^ 
that  fluid.  Now  it  is  well  known  that  the  only  prin- 
ciple which  this  gas  could  extract  from  the  alcohol  is 
water,  or  its  elements;  forming  with  its  hydrogen 
JluoriCf  and  with  its  oxygen,  boracic  acid.  . 

1087.  Sulphuric  aether  is  an  extremely  light,  vola- 
tile, and  inflammable  fluid ;  its  odour  is  grateful,  and 
its  taste  pungent.  Its  specific  gravity  varies  ;  for 
medicinal  purposes  it  should  never  exceed  *750,  in 
which  state  it  contains  nearly  8&  per  cent,  of  alcohol  ; 
it  may  be  procured  at  *700,  or  according  to  Lovitz  at 
'632^.  Unlike  alcohol,  it  does  not  combine  in  any 
considerable  proportion  with  water,  this  latter  fluid 
holding  dissolved  not  more  than  about  one-tenth  its 
weight  of  ether.  This  fact  otlen  an  easy  mode  of 
purifying  ether  from  alcohol ;  for  by  repeated  agitation 
with  water  it  is  deprived  of  most  of  the  spirit  which  it 
may  contain,  and  is  brought  to  a  high  degree  of  purity. 
It  is  extremely  volatile,  and  during  evaporation  it 
occasions  a  great  d^ee  of  cold.  (351.)  By  pouring  a 
small  stream  of  aether  from  a  capillary  tube^  on  a  ther- 
mometer bulb  filled  with  water,  the  water  may  be 
frozen,  even  in  a  warm  summer  atmosphere.  Undor 
the  usual  atmospheric  pressure  ether  boils  at  96°,  and 
in  vacuo  at  a  temperature  much  below  zero.  (317.) 
At  —  46®  it  assumes  a  solid  form.  The  existence  of 
aether,  as  a  gaseous  body,  at  96^,  may  be  satbfactorily 
shewn  by  the  following  simple  experiment* 

Exp.  89.  Fill  a  jar  with  hot  water,  and  invert  it  in 
a  shallow  vessel  containing  the  same;  then,  by 
means  of  a  small  glass  tube  closed  at  one  end, 

*  This  gas  consists  of  the  eieraentary  bases  of  the  fluoric  and 
boracic  acids,  called  Fluorine  and  Boron.  The  acidifying  prin- 
ciple of  the  former  appears  to  be  hydrogen,  that  of  the  latter, 
oxygen. 
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introduce  a  little  aether.    The  oether  will  rise  to 
the  top  of  the  jar,  and,   in  its  ascent,  will  be 
changed  into  gas,  filling  the  whole  jar  with  a 
transparent,  invisible,  elastic  fluid.  On  permitting 
the  water  to  cool,  the  aethereal  gas  is  condensed, 
and  the  inverted  jar  again  becomes  filled  with 
water.     The   same  effect  will   be  produced  by 
placing  an  inverted  jar  of  cold  water  with  some 
sther  floating  on  its  surface,  under  the  receiver 
of  an  air  pump. 
1068.    ^ther  is  highly  inflammable,  so   that  its 
vapour  readily  takes  fire  on  the  approach  of  flame ;  the 
student  should  therefore  be  cautious  whenever  he  ope- 
rates upon  it  by  candle  light.  Its  slow  combustion  may 
be  easily  shewn  by  passing  a  few  drops  into  a  receiver 
furnished  with  a  stop  cock  and  pipe,  and  inverted  in 
water  of  the  temperature  of  100^.     The  receiver  will 
be  filled  with  the  gas  of  aether  (Esp.  89,)  which  may 
be  expelled  through  the  pipe  and  set  on  fire.    It  bums 
with  a  beautiful  deep  blue  flame.     When  previously 
mixed  with  oxygen  gas  it  detonates  on  the  approach 
of  flame ;  it  explodes  also  spontaneously  with  chlorine. 

Nitric  jEther. 

1089.  Various  processes  have  been  described  for 
the  preparation  of  this  compound.  It  will  be  only 
necessary  to  state  the  following.  To  two  pints  of  alco* 
hoi  contained  in  a  glass  retort,  add,  by  degrees,  half  a 
pound  of  nitric  acid ;  and,  after  each  addition,  cool 
the  materials  by  setting  the  retort  in  a  vessel  of  cold 
water.  Distil  the  mixture  by  a  very  cautiously  regu-* 
lated  heat,  till  about  a  pint  and  a  half  have  come  over. 
In  this  state  the  aether  is  far  from  being  pure,  and  must 
be  redistilled  with  the  addition  of  pure  Potass,  pre- 
serving only  the  first  half,  or  three-fourths  that  come 
over. 
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1090.  The  gleat  dificuky  uid  dangi^  of  die  open- 
tioii  depende  upoD  the  viident  action  which  akohol 
and<  nitric  acidi  eitert  od  each'  other ;  to  bbtiite  lAich^ 
Dr.  Black  contrived  a  method  by  which  the  mixture 
waa  efi^cted  with  cixtveme  slowneie.  On  two  ounces 
off  ftlvoAg  hitvotts  acid,  contamed'  in  ar  phial  having  a 
coiiicfal  ground  glb88««topper,  and  a  weak  spring  fitted 
to  keep  the  stopper  in  its  place,  he  poured  slowly  and 
gradually  about  an  equal  quantity  of  water,  which,  by 
being  made  to  trickle  down  the  sides  of  the  phial, 
floated  on  the  surface  of  the  acid,  without  mixing  with 
it ;  he  ihen  added,  in  the  same  cautious  manner,  three 
ounces  of  alcohol,  wUoh,  in  its  turn,  floated  on  the 
surface  of  the  water.  By  such  means  die  thnee  fluida 
were  kept  separate,  on  account  of  their  diflfereat  qpedfic 
gravities  (Exp*  L)  and  a  stratum  of  waosr  was  inter- 
posed  between  the  acid  and  spirit.  The  phial  was 
now  deposited  in  a  cool  plfeice,  to  allow  the  acid  gra- 
dually to  ascend,  and  the  spirit  to  descend,  dut>ugh 
the  water;  this  last  acting  as  a  boundaiy  to  restrain 
their  action  on  each  other.  When  this  commences^ 
bubbles  of  gas  rise  thuough  the  fluids,  and  the  acid 
assumes  a  blue  colour,  which  it.  again  loses  in  the 
course  of  a  few  days,  and  a  yellow  nitric  lether  appears 
swimming  on  the  surface.  By  this  ingenious  method 
nitric  aether  may  be  formed,  without  the  danger  of 
explosion.  It  is,  however,  evident  tihat  such  a  procesa, 
however  ingenious,  cannot  be  conveniently  adopted  by 
the  manufacturer. 

1091  The  '<  Spirit  ofNitrU  Mher;'  directed  in 
the  Pharmacopceia,  is  a  mixture  of  nitric  ssther  and 
alcohol,  in  proportions  which  have  not  been  (feler* 
mined. 

109S.  The  exact  nature  and  composition  oS  Nitric 
sether  have  not  been  satis&ctoriiy  ascertained;  no 
doubt,  however,  exists  of  its  being  formed  of  a  portion 
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of  each  of  the  elements  of  the  acid  and  spirit,  and  that 
consequently,  oxygen,  hydrogen,  carbon,  and  azote, 
all  enter  into  its  composition. 

1098.  Nitric  aether,  in  its  ordinary  state,  is  a  liquid 
of  a  yellowish-white  colour.  It  has  an  ethereal  odour, 
which  is  so  powerful  that  its  inhalation  into  the  nos- 
trils produces  a  species  of  giddiness.  It  does  not  redden 
litmus ;  its  taste  is  acrid  and  burning ;  it  boils  at  70^ 
Fah, :  when  poured  into  the  hand  it  immediately  boils 
and  produces  considerable  cold.  It  is  sufficient  to 
girasp  in  our  hands  a  phial  containing  it,  to  see  bub- 
bles immediately  escape.  It  takes  fire  very  readily, 
and  bums  quite  away  with  a  white  flame.  When 
agitated  with  S5  or  90  times  its  weight  of  water,  it  is 
divided  into  three  portions.  One,  the  smallest,  is  dis- 
solved ;  another  is  converted  into  vapour ;  and  a  third 
is  decomposed.  The  solution  becomes  suddenly  acid ; 
it  assumes  a  strong  smell  of  apples ;  and  if,  after  satu- 
rating the  acid  which  it  contains  with  potass,  it  be 
8ul]jected  to  distillation,  we  withdraw  the  alcohol,  and 
obt^n  a  residue  formed  of  nitrate  of  potass.  We  see 
here  that  there  is  a  separation  of  one  part  of  the  two 
bodies  which  constitute  the  eether.  Left  to  itself  in  a 
well  stopped  bottle,  the  aether  sutlers  a  spontaneous 
change,  for  it  becomes  perceptibly  acid.  By  distil- 
lation, acid  is  instantly  developed,  which  shews  that 
heat  favours  its  decomposition. 

MujiiATic  jEthbb. 

1094.  To  prepare  this  aether,  we  may  saturate  alco- 
hol with  muriatic  acid  gas;  or  mix  together  equal 
bulks  of  alcohol  and  concentrated  muriatic  acid,  and 
heat  the  mixture  in  a  glass  retort  connected  with  a 
Woulfe'e  apparatus;  the  first  bottle  should  contain 
water  at  about  80"^ ;  the  second  should  be  surrounded 
with  ice.    Another  process  consists  in  adding,  to  a 
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mixture  of  8  parts  of  manganese  and  S4  of  muriate  of 
soda,  in  a  retort,  12  parts  of  sulphuric  acid,  previously 
mixed,  with  the  necessary  caution,  with  8  of  alcohol, 
and  proceeding  to  distillation.  The  ether  thus  ob- 
tained requires  to  be  rectified  by  a  second  distillaticm 
from  potass. 

1095.  The  nature  of  this  body  is  involved  in  some 
obscurity.  Boullay  considers  it  as  a  compound  of 
muriatic  acid  and  alcohol,  but  according  to  M.  M. 
Colin  and  Robiquet,  it  is  a  compound  of  bi-carburetted 
hydrogen  and  muriatic  acid.  This  is  rendered  pro- 
bable by  the  fact  that  when  one  volume  of  muriatic 
sether  is  passed  through  a  porcelain  tube,  at  a  dull  red 
heat,  it  is  resolved  into  a  mixture  of  one  volume  of 
each  of  these  gases,  the  sum  of  whose  densities  very 
nearly  corresponds  with  the  specific  gravity  of  the 
lethereal  vapour. 

1096.  Liquid  muriatic  aether  vaporizes  at  51^ ; 
poured  on  the  palm  of  the  hand  it  instantly  boils  and 
produces  much  cold.  Its  odour  is  very  strongly  ethe- 
real; its  taste  is  perceptibly  saccharine;  its  specific 
gravity  is  0*874.  It  dissolves  in  an  equal  volume  of 
water,  but  it  does  not  redden  vegetable  blues;  nor 
precipitate  nitrate  of  silver  or  proto-nitrate  of  mercury. 
It  is  extremely  inflammable,  and  the  odour  of  muriatic 
acid  is  developed  by  its  combustion. 

Acetic  ^ther. 

1097.  This  is  probably  the  only  true  and  distinct 
sther  which  can  be  formed  by  the  action  of  a  vegetable 
acid  on  alcohol,  for  although  the  BenxoiCy  Malic^ 
OxaliCy  Citric^  and  Tartaric  acids  dissolve  in  alcohcd^ 
yet  they  separate  from  it  again  by  distillation,  without 
any  peculiar  product  being  formed,  however  frequently 
we  act  upon  the  same  quantity  of  acid  and  alcohoL 
But  if,  instead  of  putting  the  vegetable  acids  alone  in 
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contact  with  alcohol,  we  add  to  the  mixture  one  of 
the  concentrated  mineral  acids,  we  can  then  produce, 
with  several  of  them,  compounds  analogous  to  the  pre- 
ceding aethers.  It  has  been  supposed  that  the  mineral 
acid  in  this  case  acts  by  condensing  the  alcohol,  and 
elevating  the  temperature  to  such  a  degree  as  to  deter- 
mine the  r^uisite  chemical  action,  but  the  truth  of 
this  explanation  is  extremely  doubtful.  These  obser- 
vations, however,  do  not  apply  to  acetic  acid,  for  that 
fluid  can  exhibit  by  itself  the  phsenomena  of  setheri- 
zation. 

1098.  Acetic  sther  may  be  formed  by  repeatedly 
distilling  concentrated  acetic  acid  with  alcohol,  and 
returning  the  distilled  liquor  to  the  charge  in  the  retort. 
The  aether  thus  produced,  may  be  freed  from  a  redun- 
dance of  acid,  by  distillation  with  a  small  quantity  of 
potass.  Or  we  may  obtain  an  excellent  acetic  aether, 
very  oeconomically,  by  taking  3  parts  of  acetate  of 
potass,  3  of  concentrated  alcohol,  and  2  of  sulphuric 
acid ;  introducing  the  mixture  into  a  tubulated  retort, 
and  distilling  to  perfect  dryness ;  then  mixing  the  pro- 
duct with  a  fiflh  part  of  its  weight  of  sulphuric  acid, 
and,  by  a  careful  distillation,  drawing  off  as  much 
aether  as  there  was  alcohol  employed. 

1099.  Acetic  aether  is  a  colourless  liquid,  having 
an  agreeable  odour  of  sulphuric  aether  and  acetic  acid. 
It  does  not  redden  litmus ;  its  taste  is  peculiar ;  it  is 
heavier  than  other  aethers,  its  specific  gravity  being 
«866.  It  is  volatile,  boils  at  SSS®,  and  burns  with  a 
yello¥rish-white  flame.  During  combustion,  acetic  acid 
is  developed,  though  none  can  be  discovered  in  the 
aether  before.  It  is  not  changed  by  keeping.  Water 
at  62^  dissolves  7{  parts  of  its  weight. 
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ACETOUS  FERMENTATION. 

1100.  When  any  of  the  TinouB  liquon  are  exposed 
to  the  free  access  of  the  atmosphere ;  or  the  fiennenta- 
tive  process  be  suffered  to  procedfl  in  open  veosds, 
more  especially  if  ^he  temperature  be  eaiaed  to  90 
degrees,  a  second  and  very  diflbrent  <feEmen^tioIl  is 
established;  and,  as  it  terminates  in  the  production 
of  a  sour  liquid,  called  Vinegar,  the  .prooess  has  been 
textaeAl^he  Acetous  Fermentation.  If  thephflenomena 
of  this  operation  be  carefully  examined,  we  shall  ^nd 
that  a  quantity  of  the  oxygen  of  the  air  is  coosujBaed, 
and  'that  little  or  no  gas  is  evolved,  so  that,  unlike 
minous  fermentation,  the  access  of  ihe  atmosphere  is 
kidispensable.  The  moot  obvious  change  which  the 
vinous  spirit  undergoes  during  its  conveisioD  into  vine- 
gar is  the  acquisition  of  oxygen.  It  was  long  «q)poBed, 
on  the  authority  of  Boerhaave,  that  the  acetous  is  uoi- 
vefsally  preceded  by  the  vinous  fermentation ;  bat  this 
is  .an  error ;  Cabbages  sour  in  water,  making  joarr 
crouti  Starch,  in  the  vats  of  the  staroh^maker,  and 
dough  itself,  form  vinegar,  without  any  previous  pro- 
duction of  wine ;  so  again  in  certain  solutions  of  aac* 
charine  maiter,  this  acid  is  evidently  generated  without 
any  previous  alcoholic  state  of  the  fluid. 

1101.  Neither  pure  alcohol,  nor  alcohol  distiUed 
with  water,  is  susceptible  of  this  fermentation;  the 
presence  of  some  vegetable  matter  is  essential  to  the  pro- 
cess. The  vinegar  of  this  country  is  usually  obtain^ 
from  malt  liquor,  while  wine  is  employed  as  its. source 
in  those  countries  where  the  gn^  is  abundantly  culti- 
vated. The  great  grt  of  making  good  vinegar  consists 
in  the  skilful  regulation  of  the  fermentative  tempera- 
ture. The  qualities  of  vinegar  are  well  known.  It 
consists  of  a  mixture  of  acetic  acid,  a  little  alcohol, 
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mucilage,  colouring  matter,  and  sometimes  tartaric  and 
malic  acids ;  its  specific  gravity  is  liable  to  much  vari- 
ation ;  when  exposed  to  the  air  it  becomes  mouldy  and 
putrid,  in  consequence  of  the  mucilage  vdiich  it  con- 
tains ;  this  change,  however,  is  much  retarded  by  the 
addition  of  a  small  quantity  of  sulphuric  acid,  whence 
the  maker  is  allowed  by  law  to  mix  one-thousandth  of 
its  weight  of  that  acid  with  it.  The  strongest  malt 
vinegar,  which  is  termed  Proof  Vinegar,  is  estimated 
ks  containing  five  per  cent,  of  real  acetic  acid.*  The 
habitudes  of  Acetic  acid  have  been  already  considered. 
(5070 

The  Panary  Fermentation. 

IIOS.  Farinaceous  vegetables  are  converted  into 
meal  by  trituration,  or  grinding  in  a  mill ;  and  when 
the  husk  or  bran  has  been  separated  by  sifting,  or  bolt" 
ingy  the  powder  is  called  Jlour.  This  is  a  compound 
of  a  small  quantity  of  mucilaginous  saccharine  matter, 
soluble  in  cold  water ;  much  starch,  which  is  scarcely 
soluble  in  cold  water,  but  combines  with  that  fluid  by 
heat ;  and  an  adhesive  grey  substance,  or  gluten. 
When  flour  is  kneaded  together  with  water,  it  forms  a 
tough  paste,  containing  these  principles  very  little  al- 
tered, and  not  easily  digested  by  the  stomach.  The 
application  of  heat,  however,  renders  the  compound 
more  easy  to  masticate,  as  well  as  to  digest,  whence  we 
find  in  the  earliest  history  a  reference  to  some  process  » 
instituted  for  the  purpose  of  producing  this  change, 
although  the  discovei^  of  the  manufacture  of  bread, 
simple  as  it  may  appear  to  us,  was  probably  the  work 
of  ages. 

1 103.    The  only  substance  well  adapted  for  making 
bread,  that  is  Co  say  loaf  bread,  is  wheat  flour ;  this 

'  *  For  a  ftrther  account  of  this  acid  see  my  Pharmacologia, 
vol.  9. 

2o 
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circumstance  is  owing  to  the  quantity  of  gluten  whick 
it  contains,  and  which  operates  in  a  manner  to  be  pre- 
sently  explained.    The  first  stage  of  the  procesB  con- 
sists in  mixing  the  flour  with  wat^r,  in  order  to  form  a 
paste ;  the  average  proportion  of  which  is  two  parts  of 
the  latter  to  three  of  the  former;  but  this  will  neces- 
sarily vary  with  the  age  and  quality  of  the  flour ;  iii 
general,  the  older  and  the  better  the  flour  the  greater 
will  be  the  quantity  of  water  required.    This  flour 
paste  may  be  regarded  as  merely  a  viscid  and  dastic 
tissue  of  gluten,  the  interstices  of  which  are  filled  with 
starch,  albumen,  and  sugar.     If  then  it  be  allowed  to 
remain  for  some  time,  its  ingredients  graduaUy  react 
upon  each  other,  the  gluten  probably  performing  an 
important  part  by  its  action  on  the  sweet  principle,  a 
Jermentation  is  established,  and  alcohol,  carbonic  acid, 
and  lastly  acetic  acid,  are  evolved.    If  the  paste  be  now 
bilked,  it  forms  a  loaf  fuU  of  eyes  like  our  bread,  but 
of  a  taste  so  sour  and  unpleasant  that  it  cannot  be 
eaten.     If  a  portion  of  this  old  paste,  or  JLeaven  as  it 
is  called,  be  mixed  with  new  made  paste,  the  fermenta- 
tion commences  more  immediately,  a  quantity  of  car- 
bonic acid  is  given  ofl*,  but  the  gluten  resists  its  disen- 
gagement, expands  like  a  membrane,  and  forms  a  mul- 
titude of  little  cavities,  which  give  lightness  and  spongi* 
ness  to  the  mass.     We  easily  perceive  therefore  why 
flour,  deficient  in  the  tenacity  which  gluten  imparts  to 
it,  is  incapable  of  making  raised  bread,  notwithstanding 
the  greatest  activity  may  be  given  to  the  fermentative 
process  by  artificial  additions.     The  same  view  will 
explain  why  the  addition  of  spirit,  ammonia,  &c*  as 
practised  by  some  bakers,  will  tend  to  lighten  the 
bread;   they  furnish  volatile  matter  by  the  action  of 
heat,  the  bubbles  of  which,  being  imprisoned  in  every 
party  increase  the  number  of  cavities*    Where,  how- 
ever, leaven  is  employed,  the  bread  will  be  apt  to  be 
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6our,  in  consequence  of  the  great  difficulty  of  so  adjust- 
ing its  proportion,  that  it  shall  not,  by  its  excess,  im- 
part an  unpleasant  flayour,  nor,  by  its  de6ci«[icy,  reiH 
der  the  bread  too  compact  and  heavy.  It  is  for  such 
reasons  that  we  employ  in  this  country  Barmy  a  fer- 
ment which  collects  on  the  surface  of  fermenting  beer. 
It  appears  that  we  are  indebted  to  the  ancient  Gauls 
for  this  practice.  In  Paris  it  was  introduced  about 
the  end  of  the  17th  century ;  the  faculty  of  medicine, 
however,  declared  it  prejudicial  to  health,  and  it  was 
long  before  the  bakers  could  convince  the  public  that 
bread  baked  with  barm  was  superior  to  that  with  /ea- 
ven,  A  great  question  arose  amongst  chemists  as  to 
the  nature  of  this  barm  that  could  produce  such  efiects, 
and  elaborate  analyses  were  made,  and  theories  deduced 
from  their  results ;  but  all  these  ingenious  speculations 
fell  to  the  ground,  when  it  was  found  that  barm  dried, 
and  made  into  balls  would  answer  every  purpose ;  the 
bakers  imported  it  from  Flanders  and  Picardy  in  such 
a  state,  and  yet  when  again  moistened,  it  fermented 
bread  equally  well ;  the  presence  therefore  of  carbonic 
acid,  water,  acetic  acid,  and  alcohol,  could  not  be 
essential,  for  these  ingredients  were  separated  by  the 
process  of  its  preparation ;  at  length  it  was  discovered 
that  gluten,  mixed  with  a  vegetable  acid,  produced  all 
the  desired  effects.  Such  is  the  nature  of  leavenj  and 
such  is  the  compound  to  which  barm  is  indebted  for 
its  value  as  a  panary  ferment. 

1104.  Afler  the  dough  has  sufficiently  fermented, 
and  is  properly  raised,  it  is  put  into  the  oven  previously 
heated,  and  allowed  to  remain  till  it  be  baked.  TIk 
mean  heat  of  an  oven,  as  ascertained  by  Mr.  Tillet,  is 
448*.  When  the  bread  is  removed  from  the  oven,  it 
will  be  found  to  have  lost  about  one-fiflh  of  its  weight, 
owing  to  the  evaporation  of  water,  but  this  proportion 
will  be  varied  by  the  occurrence  of  numerous  circum- 

SoS 
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stances  which  it  is  not  easy  to  iqipreciate.  Newly  baked 
.bread  has  a  peculiar  odour  as  well  as  taste,  which  aie 
.lost  by  keeping;  this  shews  that  some  peculiar  sub- 
.stance  must  have  been  formed  during  the  operation, 
^fae  nature  of  which  is  not  understood.    Bread  diffien 
very  completely  from  the  flour  of  which  it  is  made,  fbr 
none  of  the  ingredients  of  the  latter  can  now  be  dis- 
covered in  it;  it  is  much  more  miscible  with  water 
,than  dough  ;  and  on  this  circumstance  its  good  quali* 
.ties  most  probably,  in  a  great  measure,  depend;   it 
is  not  easy  to  explain  the  chemical  changes  which  hare 
.taken  place;   it  appears   certain   that  a  quantity  of 
water,  or  its  elements,  is  consolidated  and  combined 
with  the  flour ;  the  gluten  too  would  seem  to  form  a 
union  with  the  starch  and  water,  and  to  give  rise  to 
.a  compound  upon  which  the  nutritive  qualities  of 
bread  depend. 

1105*  Much  has  been  said  and  written, upon  the 
subject  of  the  adulteration  of  bread ;  but  I  am  inclined 
to  believe  that  the  evils  arising  from  such  a  practice 
have  been  greatly  exaggerated.  It  is  certain,  that  the 
inferior  kinds  of  flour  will  not  make  bread  of  sufficient 
whiteness  to  please  the  eye  of  the  fastidious  citizen, 
without  the  addition  of  a  small  proportion  of  alum. 
It  has  been  said  that  the  smallest  quantity  of  alum  that 
can  be  employed  for  this  purpose  is  from  three  to  four 
ounces  to  240  pounds  of  flour.  It  cannot  be  denied 
that  the  habitual  and  daily  introduction  of  a  portion 
of  alum  into  the  human  stomach,  however  small,  must 
•  be  prejudicial  to  the  exercise  of  its  functions,  and  par- 
ticularly to  dyspeptic  persons  of  a  costive  habit,  and  to 
children.  Dr*  Ure  has  given  us  the  following  test  for  the 
detection  of  alum.  Crumble  down  the  suspected  bread 
when  somewhat  sude  into  distilletl  water,  squeeie  the 
^pasty  mass  through  a  piece  of  cloth,  and  then  pass 
.  the  liquid  through  a  paper  filtre ;  by  .which  meana  a 


7%e  Adulteration  of  Bread.  581 

limpid  infusion  will  be  obtained.  If  new  bread,  or 
hot  water  be  employed  in  this  experiment  it  is  difficult 
to  obtain  the  liquid  clear.  A  dilute  solution  of  muriate 
of  baryta  dropped  into  the  filtered  infusion  will  indi- 
cate by  a  white  cloud,  more  or  less  heavy,  the  presence 
and  quantity  of  alum.  Genuine  bread  will  not  give 
any  precipitate  by  this  treatment.  The  earthy  vadiU- 
terations  which  have  been  sometimes  introduced  into 
bread  must  be  regarded  as  a  much  more  serious  evil ; 
some  years  ago  the  flour  in  Cornwall  was  very  gene* 
rally  adulterated  with  the  white  felspar  which  is  used 
in  the  porcelain  manufactory,  and  much  mischief  arose 
from  its  use.  It  is  therefore  very  necessary  for  a  medi* 
cal  practitioner  to  be  prepared  with  such  knowledge  as 
may  detect  the  fraud.  For  this  purpose  the  suspected 
bread  should  be  incinerated  at  a  red  heat  in  a  shallow 
eurthen  vessel,  and  the  residuary  ashes  treated  with 
nitrate  of*  ammonia  $  the  earths  themselves  will  then 
remain  characterized  by  their  whiteness  and  insolu* 
bility. 

1 106.  It  was  found  by  Mr.  E.  Davy  of  Cork  that 
bad  flour  may  be  made  into  tolerable  bread  by  adding 
to  each  pound  from  SO  to  40  grains  of  the  common 
carbonate  of  magnesia.  The  operation  of  this  sub- 
stance in  rendering  the  bread  lighter  and  better  has 
not  been  satisfactorily  explained;  but  from  my  own 
experience  of  its  eflects,  I  apprehend  that  it  neutralizes 
an  acid  which  is  produced  during  the  fermentation  of 
inferior  flour,  and  becoming  itself  decomposed  by  the 
same  action,  gives  out  carbonic  acid,  and  thus  con^ 
tributes  to  the  sponginess  of  the  loaf. 
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PUTREFACTIVE  FERMENTATION. 

1107.  The  spontaneous  decoropbsition  of  organic 
matter,  when  attended  with  a  foetid  smell  is  termed 
'Putrefaction.  The  process  proceeds  with  most  nq>idiiy 
in  the  open  air ;  but  the  contact  of  air  is  not  libsolutely 
necessary ;  water,  however,  is  in  all  caseli  essential,  and 
it  probably  undergoes  decomposition.  Its  abstraction, 
therefore,  by  drying,  or  fixation  by  cold,  wiU  counter- 
act the  process  of  putrefaction.  It  is  constantly  at- 
tended  lArith  a  fcetid  odour,  in  consequence  of  the 
emission  of  certain  gaseous  matters,  which  difiEnr  in 
their  nature  acccmling  to  the  putrefying  substance* 
Some  vegetable  substances  as  gluten,  and  cruciform 
plants,  emit  ammonia;  but  carbonic  acid  gas,  and 
carbiu-etted  hydrogen  gas,  impregnated  with  various 
vegetable  principles  are  more  generally  emitted  In 
abundance.  The  pernicious  efflutia,  says  Sir  H.  Davy, 
disengaged  in  this  process  seem  to  point  out  the  neces- 
sity of  burying  putrefying  substances  in  the  soil,  where 
they  ai'e  fitted  to  become  the  food  of  vegetables.  The 
fermentation  and  putrefaction  of  oiganised  substances 
in  the  free  atmosphere  are  noxious  processes ;.  beneath 
the  surface  of  the  ground  they  are  salutary  operations. 
In  this  case  the  food  of  plants  is  prepared  where  it  ean 
be  Used ;  and  that  which  would  oflend  the  sens^  and 
injure  the  health  if  exposed,  is  converted  by  gradual 
processes  into  forms  of  beauty  and  of  usefulness ;  the 
foetid  gas  is  rendered  a  constituent  of  the  aroma  of  the 
flower,  and  what  might  be  poison,  becomes  nourish- 
ment  to  man  and  animals. 

1108.  The  student  having  been  made  acquainted 
with  the  nature  and  chemical  habitudes  of  the  several 
proximate  principles  of  vegetable  substances,  will  easily 
understand  the  processes  to  be  employed  for  the  ana- 
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lym  bf  any  body  containculg  taaittiuned  of  these  ]i^in« 
ciples.  In  the  present  atate  of  our  knowledge^  it  is  not 
fXMsible  tb  give  any  geneiral  rale,  that  may  be  appli- 
cable to  every  particuUu^  case ;  but  if  he  has  gained 
by  study  ai^  experiment  a  comjietent  knowledge  of 
the  proximate  principles,  he  will  not  find  it  difficult  to 
vary  and  modify  his  processes  according  to  the  circum- 
stances of  each  investigation.  He  should  never  omit 
to  record,  aad  distinguish  by  a  letter,  every  step  of 
the  process ;.  by  which  he  will  not  only  prevent  con- 
imion,  but  will  be  thus  enabled,  in  stating  the  general 
Testtlts,  to  indicate  the  processes  by  vrfaich  they  were 
imUvidually  obtained,  by  prefixing  to  each  principle  a 
letter  dbtresponding  with  that  of  the  process  which 
separated  it,  as  will  be  hereafter  illustrated. 

1109.  In  the  examination  of  a  vegetable  substance, 
B  given  quantity,  say  800  grains,  is  usually  first  sub- 
milted  to  tbe  action  of  cold  water,  in  order  that  every 
principle  soluble  in  that  menstruum  may  be  dissolved, 
tlie  residue  is  then  to  be  dried,  and  weighed ;.  this 
insoluble  part  may  then  be  treated  successively  with 
hot  water,  alcohol^  ether,  acids,  (chiefly  the  acetic  or 
diluted  nitric)  and  a  solution  of  potass  or  soda,  and 
the  substances  separated  by  each  of  these  solvents  must 
be  submitted  to  careful  examination.  Their  respective 
natures  will  be  ascertained  by  comparing  the  results  on 
the  application  of  appropriate  tests,  with  the  characters 
of  the  various  substances  detailed  in  the  preceding 
pages.*  Under  the  article  '*•  EstraciUm  EtaUrV^  in 
the  6th  edition  of  my  Pbarmacologia,  the  student  wil) 
find  a  specimen  of  this  method  of  analysis.  I 'shall 
here  subjoin,  as  being  one  of  the  most  instructive 
examples  with  which  I  am  acquainted,  the  examination 
of  a  substance  termed  Shell'lac,  by  Mr.  Hatchett. 

— ^— — ^—  ■  '  ■  I       I.         ■■     ■  I   I    ■  ■■  I         ■  ■  I        ll.      .  I  I         I        I   ■!  M 

*  Children's  Traii:>lation  of  Tliciiard'9  Evm^  on  Chemical 
Analysis. 
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A.  500  gnuns  of  ihell4ac  were  firat  treated 
successive  porticmt  of  diflCilled  water,  .till  it  ceased  to 
be  coloured ;  the  whole  of  the  aqueous  solution  was 
then  evaporated,  and  left  a  deep«red  substance,  which 
possessed  the  general  properties  of  vegetable  extractive, 
and  weighed  8*50  grains. 

B.  The  497*50  grains  which  remained  were  then 
digested  with  different  portions  of  cold  alcohol,  until 
this  ceased  to  produce  any  efiect ;  the  resin  which  was 
then  separated  amounted  to  403*50  grains. 

C.  As  the  shell-lac  had  not  been  reduced  to  pow*' 
der,  but. only  into  small  fragments,  these  were  become 
white  and  elastic,  and  when  dry  were  brittle,  and  of  a 
pale  brown  colour ;  the  whole  then  weighed  94  grains. 

D.  These  94  grains  were  digested  in  diluted  muri* 
atic  acid ;  and  the  acid,  after  being  saturated  with  a 
solution  of  carbonate  of  potass,  aflforded  a  flocculent 
precipitate  (resemblhig  that  obtained  finom^solutions  of 
vegetable  gluten)  which,  when  dry,  weighed  5  grains. 

E.  Alcohol  acted  but  feebly  on  the  residuum;  it 
was  therefore  put  into  a  matrass,  with  threp  ounces  of 
acetic  acid,  and  was  suffered  to  digest  without  heat 
during  six  days,  the  vessel  being  at  times  gently  shaken; 
the  acid  thus  assumed  a  pale  brown  colour,  and  was 
very  turbid.  The  whole  was  then  added  to  half  a  pint 
of  alcohol,  and  was  digested  in  a  sand  bath ;  by  whidi 
a  brownish  tincture  was  formed,  and  at  the  same  time 
a  quantity  of  a  whitish  flocculent  substance  was  de^ 
posited,  which  being  collected,  well  washed  with  alco- 
hol on  a  filter,  and  dried,  weighed  90  grains.  This 
substance  was  white,  light,  and  flaky,  and  when  rubbed 
by  the  nail,  it  became  glossy  like  wax ;  it  also  easily 
melted,  was  absorbed  by  heated  paper,  and  when 
placed  on  a  coal  or  hot  iron,  emitted  a  smoke,  the 
vapour  of  which  very  much  resembled  that  of  wax,  or 
rather  spennaceti. 
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F.  The  solution  formed  by  acetic  acid  and  alcohol 
being  filteted,  was  poured  into  distilled  water,  which 
immediately  became  milky^  and  being  heated,  the 
greater  part  oi.  the  resin  which  had  been  dissolved 
assumed  a  curdy  form,  and  was  partly  separated  by  a 
iiltre,  and  partly  by  distilling  off  the  liquor ;  this  por- 
tion of  resin  amounted  to  51  grains. 

G,  The  filtered  liquor,  from  which  this  resin  had 
been  separated,  was  saturated  with  a  solution  of  car** 
bonate  of  potass,  and  being  heated,  a  second  precipi- 
tate of  gluten  was  obtained,  which,  when  wdl  dried, 
weighed  9  grains. 

The  500  grains  of  shell-lac  therefore  yielded,  by  the 
foregoing  analysis,  the  following  proximate  principles* 

A.     Extractive 2*50 

?•  J  Resin 454-50 

F.  $ 

*  J  Vegetable  Gluten 14 

E-    Wax ,  .  .  .  .     20 

491   .. 


1110.  It  will  be  seen  that  neither  gum,  nor  tannin 
was  present :  had  either  of  these  principles  been  pre- 
sent it  would  have  been  found  in  solution  A,  and 
might  have  been  recognised  by  its  appropriate  test. 
The  shell-lac  being  in  small  fragments,  and  not  in  the 
state  of  powder,  considerably  facilitated  the  decantation 
of  the  solution  in  alcohol  from  the  residuum ;  and  al- 
though in  this  last,  a  portion  of  the  resin  was  protected 
from  the  action  of  the  alcohol  by  being  enveloped  in 
the  gluten  and  wax,  yet,  by  the  assistance  of  acetic 
acid,  the  remainder  of  the  resin,  as  well  as  the  whole 
of  the  gluten,  were  dissolved,  the  wax  was  obtained  in 
a  pure  stale,  and  a  separation  of  the  resin  from  the 


glUC^  ^m  ifterwiurdfl  M^ily  eHefclod^  by  tbe  mediod 
Already  doscitbeA.  As  ther^re  Acetic  aeid  is  oapMt 
of  dislolving  reaiii)  gluten^  aadaiimy  other  of  tbe  i«ge* 
table  pdneipleB,  it  may  be  icgarded  as  a  very  mefiii 
Hol^nt^  in  Uie  a^ytis  of  vegetable  iubstaaoed. 

The  student  might  now  {irooeed  to  the  conaidemlioa 
bf  Aninial  ChemistTy,  but  as  the  present  volume  has 
already  exceeded  the  limits  assigned  to  it,  and  as  ikt 
extent  of  this  branch  of  science  would  requite  sevenl 
hundred  pages  for  its  inTestigation,  I  have  di^temiiiied 
to  defer  it  until  a  more  favourable. opportunitj  will 
enable  me  to  treat  of  the  (ifaikraeteie  and  compeadoo 
of  animal  products,  and  to  shew  the  changes  which 
the  fluids  of  the  body  undergo  during  the  influence  of 
disease. 
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TABLE  OF  WEIGHTS)  AND  MEASURES. 

MEASURBft  0#  LtNGTH. 

1  Line,  the  18th  part  of  an  Inch.  Inches,  DedmaU. 

3  Barley  Corns IKXX) 

A  Palm,  or  Hand's  breadth  (Scripture  Measure)  ....     9*648 

A  Hand  (Horse  Measure) 4-000 

A  Span  (Scripture  Measure) 10*944 

AFoot 12-000 

A  Cubit  (Scripture  for  cbn^ihoii  purposes) 18-000 

A  Cubit  (ditto  for  sacred  purposes) ,  81-888 

A  FlemhAl  ElkK «7-000 

A  Yard Sft.O 

An  English  EU S      9 

A  Fathom  or  Toise 6      0 

APole 16      6 

A  Chain 28  yardi. 

A  Furlong 220 

AMile : 1760 

HBW  FRBlfCH   MEAIURKS. 

Eng.  Inch,  ^  Dedm. 


Millimetre = 

Centimetre ....  r=: 

Decimetre .....  = 

MsTms = 

Decametre  ....  := 

Hecatometre ...  £^ 

Kilometre = 

Myriometre  ...  =e 


0-039 
. .     0393 

. «     3-937  MU. 

..  39-371  s         0  : 

813-710  =          0  I 

3937100  =         0  ! 

39371000  =          0  : 

393710-000  =          6  i 

MKA8CRE8  0>  CAPACITT. 

Eng.  CuJbic  Inch.  5c  Bedm, 

;     0061 

:     0-610 

6102 

aioss 

610-280 

.  6102-800 

61028-000 

610280-000 


Fmt. 

0  : 
0  : 

0  ; 
4  : 

1  : 


Yds.  Ft 


1 

10 
109 
213 
156 


2 
1 
1 
0 


Inch. 

3-37 

9-7 

1 
10*2 
6 


Tons,  Hogs,  WineGuU.  Pmis, 


0 
0 
0 
1 
10 


0 
0 

0 
0 

1 


0 
2 

26-42 
1219 
58-9 


2- 113 
5-135 


Millilitre 

Centilitre' := 

Decilitre == 

Litre = 

Decalitre = 

Hecatolitre ....  = 

Kilolitre =: 

Myriolitre = 

The  English  Ale  Gallon  ooataius  282  cubic  inches. 

The  Wine  Gallon 231  ditto. 

63  gallonH  WineMeanure,  54  gallons  Beer  Measure,  and  48  gallons  Ale  Measure, 
each  make  a  hogshead  |  40  Ale  pintM  contain  1727^  cubic  inches,  and  may  there- 
fore be  considered  (in  round  numberH)  as  a  cube  foot,  which  contains  1728  cubic 
inches;  a  cubic  foot  of  pure  water  weighs  1000  ounces*. 

weiGUTS. 

Eng.  GrS.  flf  Dedm. 

=     0-015 

=     0*1M 

=     1-544 

=     15-444 

=     154-440 

=     1544-402 

=     15444-023 

=     154440-2J4 

The^  pound  and  the  ounfe  in  Troy  weight  and  ApothecanW  weight  are  the 
same  only  differently  divided  and  subdivided,  and  the  proportions  of  a  pound 
Troy  to  a  pound  Avoirdupois  is  as  14  to  17,  the  Ibrroer  pound  containing  5760 
grains  and  the  latter  7000.  Tho  Troy  and  Avoirdupoise  ounce  are  therefore  not 
alike,  but  14  ounces  1 1  |>onny  wcightN  and  16  grains  Troy  are  equal  to  a  pound 
Avoirdupoise.  The  drachm  of  .\pothecaries  weight  must  not  be  confounded 
with  the  drachm  of  Avoirdupois(>,  the  latter  being  much  the  smallest.* 

*  For  farther  pariiculars  respecting  Weights  add  Measures,  sec  Dr.  Kelly *■ 
Metrology,  1  vol.  8vo.  Londop. 


Milligramme  . . 
Centigramme  . . 
Decigramme . . . 

Gramme 

Decagramme.. . 
llecatograinme . 
Kilo^amme. ... 
Myriogramme.. 


Avoirdnpoi«Wk 


lbs, 

0 

0 

2 
22 


ot. 

0  : 
3  : 

1  : 


or  on, 

5-65 

8-5 

5 

2 
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TAfiLE 

for  reducing  the  Degrees  ofBiaum^s  HydrameUr  to 

the  Common  Standard. 


B^aums  Hydrometer  for  Liquids  lighter  than  Water. 

Tonperature  55*  Fahrenheit,  w  10*  Reaumur. 


Deg. 

Sp.Gr, 

D^. 

Sp.6r. 

Deg. 

10  .... 

,   1*000 

81   .... 

•988 

38   .... 

11   .... 

•990 

88  .•. 

•915 

33  .... 

18   .... 

•985 

83  .... 

•909 

84  .... 

13  .... 

•977 

84  .... 

•903 

35  .... 

14  .... 

•970 

85  .... 

•8Q7 

36  .... 

15  .... 

•963 

86     ... 

•898 

»37   .... 

16  .... 

•955 

87   .... 

•886 

3$   .... 

17   .... 

'949 

88   .... 

•880 

39   .... 

18  .... 

•948 

89  .... 

•874 

40  .... 

19  .... 

•935 

30  .... 

•867 

80  .... 

•988 

31    .... 

•861 

Sp.Gr. 

-856 
.858 
•847 
•848 
.837 
•888 
-887 
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B6aum*s  Hydrometer  for  Liquids  heavier  than  Water. 

Tempeimtare  55*  Fahrenheit,  or  10^  Reaumur. 


Dtg. 

0  . 

3  . 

6  . 

9  . 
18  . 
15  . 
18  . 
81  . 
84  . 


Sp.Gr. 

Deg. 

Sp.Gr. 

Deg. 

..    1-000 

87    .... 

.   1-830 

54   .... 

..    1080 

30   .... 

.   1861 

57   .... 

..    1040 

33   .... 

.    1-895 

60  .... 

..    1-064 

96   • . • . 

.    1-333 

63  .... 

..    1089 

39   .... 

.    1.373 

66  .... 

..    1-114 

48  .... 

.    1-414 

69  .... 

..    1140 

45  .... 

.    1-455 

78   .... 

..    1-170 

40    . . . . 

.    1-500 

..    1-800 

51    .... 

1  547 

Sp.  Gr. 
1-594 
1.659 
1-717 
1-779 
1-848 
1-980 
8.600 
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TABLE  OF  THE  SPECIFIC  GRAVITIES  OF  SOLID 

AND  LIQUID  SUBSTANCES. 


Distilled  Water  at  60  =  1*000. 


Mbtals. 


Platinum • . 

Gold 

Marcury  at  40*  ... . 
Ditto    at 47'.... 

Lead , 

Silver 

Sulphuret  of 

Bismuth 

Copper 

Arsenic 

Iron 

Sulphuret .... 

Tin 


Zinc > 

Antimony . 
Sodium  . . 
Potassium 


IfTFLAMItABLBi. 


Phosphorus 

Diamond 

Charcoal 

Sulphur,  melted 

Acids. 

Sulphuric  acid  (of  Com- 
merce)  

Ditto  (real) 

Nitric  acid 

•Muriatic  acid 

Acetic  acid  (Glacial)  . . 

Distilled  Vine^ 

Phosphoric  acid 

Arsenious  acid 


Alkali  BB. 

Potass  (Hydrate).., 
Soda  ..  (ditto)  ... 
Ammonia  (Gas) ... 
Ditto  (Liquefied) 

Lime 

Baryta 

Magnesia 


Sp.  Gr. 

81-5 

10*964 

5<«18 

lS-545 

11*358 

10*510 

7-2 

9-8S8 

8-895 

8*810 

7*788 

4*518 

7*899 

0*861 

6*718 

-933 

-85 


1-714 
3*581 
8* 
1-99 


Saturatkd  Solutions 
ov  Salts  at  48*  Fa*. 

Of  Lime 

—  Arsenious  acid 

—  Corrosive  Sublimate.. 

—  Alum 

—  Sulphate  of  Soda  .... 

—  Ditto  of  Potass 

I —  Muriate  of  Soda 

—  Muriate  of  Ammonia . 

—  Carbonate  of  ditto  . . 

—  Nitrate  of  Potass  .... 

—  Tartrate  of  Potass  and 

Soda 

— Subcarbonate  of  Potass 

—  Sulphate  of  Copper . . 

—  Ditto  of  Iron 

—  Ditto  of  Magnesia. . . . 

—  DittoofZinc ... 


1*855 

8185 

1*5 

1*194 

1*063 

1*005 

1*5575 

3*7 


W08 

1*336 
•590 
*760 

8*39 

4* 
•346 


Extracts,  Gum, 
Resins. 

Gum  Arabic 

Aloes  Spicat: 

Ditto  Hepatic. 

Ammoniacum 

Assafcetida 

Benzoin 

Camphor. . . « 

Catechu 

Elemi 

Euphorbium  

Galbanum 

Gamboge 

Guaiacnm , 

Honey , 

Labdanum 

Mastic 

Myrrh 

Olibanum 

Opium 

Opoponax 

Resin  of  Jalap • 

Rosin 

Sagapenum A 


Sp.  Gr. 

1-001 
1*005 
1*037 
1*033 
1058 
1*051 
1*198 
1*078 
1*077 
1005 

11 14 

1*534 

1*15 

1*157 

1*818 

1*306 


I 


1-515 
1-3796 
1*3586 
1*8071 
1*3875 
1*0984 
'9887 
1*4573 
1*0688 
1*1844 
1*8180 
1*8816 
1*8889 
1*45 
1*1868 
1*0748 
1*36 
1*1738 
1-3350 
1*6886 
1*8185 
1*0778 
1*8006 
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Extradt^  Gunuy  Retim, 

Sc^mmooy  (Aleppo) . .  ^ . 

Ditto  (Smyrna) '. . 

Sugar  (white) 

Tragacanth 

Turpentine 

Wax,  Bees 

,  While 

VotATtLE  Oils. 

Of  Turpentine 

—  Juniper • 

—  Roaemary 

—  Carrawray 

—  Nutmegs 

—  Mint.. 

—  Cummin 

—  Pennyrbval 

—  Dill 

—  Fennel 

—  Cloves 

-—  Cinnamon 

—  Saaiafras 

FnxD  Oils. 

OfOlives 

—  Almonds 

—  Poppies 

7—  Linseed 

—  Ben 

— >  Rapeseed 

Tallow 

Spermaceti '. 


Sp.  Gr. 

1-S74S 

1*6060 

1-8161 

•991 

•9643 

•SI686 


•7W 

•911 

•9.i4 

•940 

•948 

•975 

•975 

•978 

•994 

•997 

1034 

1035 

1094 


•915S 
•9170 
•9238 
•9403 
•9119 
•9113 
•9419 
-9433 


SpiB.m. 

Alcohol 

Proof  Spirit .... 
Rectified  ditto  . . 
Brandy  ......*. 


Others. 

Sulphuric 

Nitric 

Muriatic  ....... 

Acetic 


Woods;  Baeks. 

Cinchona 

Logwood 

SaMfras 

Guaiacum 

Cork 


Sp.  Gr. 
•796 
•990 
•835 
•8371 


•700 
-9088 
-874 
•866 


•7840 

•9I« 

48f0 

I 


Gases. 

Hydrogen 

Phoaphur*:  ditto 
Carbur*:  ditto  .. 
Bi-carb:  ditto  .. 

Ammonia 

Steam 

Carbonic  oxide  . 

Nitrogen 

Atmospheric  air . 
Nitric  oxide  .... 


Oxygen 

Sulim:  Hydrogen, 

Muriatic  acid 

Carbonic  acid.. . ., 
Sulphurous  acid. . . 
Chlorine 


•94 


•0688 
•9082 
•666 
•970 
•590 
'688 
•967 
•9691 
1-000 
1-05 
1-1088 
118 
l-«84 
1-5S36 
^•8S 
8508 


J 


A  TABLE  OF  THE  REFRACTIVE  POWERS  OF 

DIFFERENT  BODIES, 

(Befured  to  at  page  225.; 


index  ofRefracti&H. 

A  Vacuum 100000 

Air  (mean) 1-00038 

Water r336 

iBther 1*358 

Alcohol P370 

Oil  of  Lavender 1*467 

—  of  Peppermint 1  •468 

—  ofOlives ia09 

—  of  Almonds 1*470 

—  of  Turpentine,  (com- 

mon)     1*476 

Ditto  Rectified 1*470 

Camphor I^487 

Oil  of  Nutmeg 1497 

Balsam  of  Copaiba  ....  1  ^507 


Index  o/R^rmeUm' 

Nitre 1^59»4 

Canada  Balsam 1*588 

Copal 1635 

OilofCloves 1^535 

Ditto,  adulterated 1^498 

OilofSaasafias 1-536 

Bees  Wax 1548 

Phosphorus  (Wollaston) . .  1*579 

Ditto  (Brewster) 8-884 

Guaiacum 1  •SM 

Balsam  of  Tohi 1*600 

Arsenic 1*811 

Glass  of  Antimony 1*980 

Diamond 8-440 


A  TABLE 


OF 


ATOMIC  WEIGHTS,  a«d  CHEMICAL  EQUIVALENTS. 


TABLE  I. 


ACJD,toetic 

crystallized  (1  wftter) 

ftTMoic 

anenious 

benzoic 

carbonic , . 

chloric 

citric 

crystalli^d  (8  water) , 

ferrocyaaic 

fluoric 

ilUc? 


eaiiic/  .. 
nydriodic 


hydrocyanic 

malic 

muriatic 

nitric  (dry) 

liquid  (sp.  gr.  1*50  2  water) 

nitrous 

oxalic 

crystallized  (4  water) 

perchloric , . 

phosphoric 

phosphorous 

sulphuric  (dry) 

liouid  (sp.  gr.  1*4838)  .... 

sulphurous  

tartaric 

crystallized  (1) 

Alum  (dry^ : 

crystallized  (85  water) 

Alumina 

sulphate 

Aluminum 

Ammonia 

acetate 

bicarbonate  (8  water) 

carbonate 

sesquicarbor.ate  (8  water)  . . . 

citrate 

flaoborate , 

hydriodate , 

ioidate 

muriate 

nitrate 

oxalate , 

crystallized  (1  wa^er). . , . . 

phosphate 

phosphite 

snlphate 

aolphlte 

Urtrate 


50 
59 
62 
54 

120 
22 
76 
58 
76 
? 
17 
63 

126 
87 
70 
37 
54 
78 
46 
36 
72 
92 
28 
20 
40 
49 
32 
67 
76 

862 

487 
27 
67 
19 
17 
67 
79 
39 

118 
75 
39 

143 

182 
54 
71 

53 
62 
45 
37 
57 
49 
84 


Antimony 44 

chloride 80 

deutoxide r  >  •  • .  56 

peroxide ,  60 

protoxide 52 

sulphuret 60 

potassa-tartrate , .  } 

Arseniate  of  ammonia 79 

poUsh 110 

soda 94 

Arsenic 38 

acid 62 

Arsenious  acid 54 

Azote 14 

Barium 7Q 

peroxide 86 

sulphuret 86i 

Barytes 78 

carbonate 100 

chlorate 154 

hydrate , 87 

nitrate 13S1 

muriate  (crystal.  I  water). . .  124 

oxalate 1 14 

phosphate lOGT 

phosphite 98 

sulphate 1 18 

tartrate 145 

Benzoic  acid '  120 

Bicarburetted  hydrogen 7 

Bismuth 72 

nitrate 134 

oxide 80 

sulphate 180 

sulphuret 88 

Boracic  acid 22? 

acid  crystallized  (8  water) ...  40 

Borax  (8  water) 158 

Boron 6  ? 

Calcium 20 

chloride 56 

oXide(lime) 28 

phosphuret 32 

sulphuret 36 

Calomel 236 

Camphoric  acid ? 

Carbon •....  6 

oxide 14 

phosphuret 18 

sulphuret '. 38 

Carbonic  acid 22 

oxide 14 
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Carburet  of  azote 

lulphur • 38 

phocphorus  . , 18 

Carburetted  hydrogen 8 

Chloric  acid 76 

Chlorine 96 

Copper 64 

acetate 130 

cry»t.6water.Com.verdigrii)  184 

binaeetate 180 

crytt.  3  water,  dist.  verdigris)  907 
■ubaceUte  (1  acid  9  base)  ...  910 

carbonate  (anhydrous) 108 

(8  water,  malachite Ill 

perchloride 136 

pemitrate 188 

persulphate 160 

crystallized  (10  water) 830 

protochloride .».  100 

protoxide 78 

peroxide 80 

sulphuret 80 

Corrosive  sublimate 878 

Cyanogen 86 

Ck>ld 900 

chloride : 836 

protoxide 1+1=808 

peroxide 1+3=884 

sulphuret 1-1-3=848 

Hydrogen 1 

Iodine ; 185 

Iron 88b=S-714(S.dry.) 

protochloride 64 

perchloride 88 

peroxide 40 

protoxide 36 

sulphate  (^dry) 76 

crystallized  (7  water) 139 

persulphuret 60 

protosulphuret 44 

Lead 104 

acetate 168 

crystallized  (3  water) 189 

sub-binacetate 874 

sub-tritacetate 386 

arseniate ^ .   174 

benzoate 838 

borate 134 

carbonate 134 

chlorate 188 

chloride 140 

deutoxide 116 

malate 188 

nitrate 166 

oxalate U8 

peroxide 1^0 

phosphate 140 

phosphite 138 

pho^phuret 116 


Lead,  protoxide 112 

•mphate 158 

sulphite 144 

sulphurst 190 

tartrate 179 

Lime 88 

aceUte 78 

arseniate 90 

benioate 148 

biphoephate 84 

borate 50? 

carbonate 50 

chlorate 104 

chloride 64 

citrate 86 

hydrate • 37 

muriate  crystallized  (5  water)   1 10 

oxalate 61 

phosphate 56 

phosphite 48 

sulphate 68 

ciTstallized  (8  water) 86 

sulpnite 

tartrate 

Magnesia 

ammonia-phosphate 93 

carbonate -42 

hydrate 89 

muriate 57 

nitrate 74 

phosphate 48 

sulphate  (dry) 60 

crystalhaed  (7  water) 19S 

tartrate 87 

Magnesium 18 

chloride 48 

sulphuret 

Manganese .«... 

deutoxide  ••«.. 40 

peroxide 44 

protoxide 91 

sulphate 76 

Mercury 900 

bipersulphate 

bisulphuret 

bicyanuret 

perchloride 879 

periodide. 450 

pemitrate 394 

peroxide 916 

perphospbate 979 

persulphate 956 

protocnloride 936 

protonitrate  .••.....«.•....  969 

protosulphats 948 

protoxide 908 

Nitric  oxide 30 

Nitrogen 14 
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Nitroai  oxide...  .r.« 22 

OlefiftDt  gas 7 

Oxygen 8 

Phosphorua 19 

carburet 18 

chloride 48 

prrchloride 84 

sflpharet t8 

Platinum 96 

afuinonia-nituriate 196 

perchloride 142 

peroxide \\2 

Pota«h  (dry) 48 

aceute 98 

aiveniate 110 

atseoite. ...... ««.... 108 

•  bioarbooate 99 

epyatalUxed  (1  water) 101 

binaraeniate  • ..  • 178 

Uinoxalate ISO 

biphospl.ate 104 

bisulpbate 1!^ 

crystallized  (1  water) 137 

biUrtrate 189 

crystallized  (1  water) 191 

carbonate 70 

cbJorate 194 

citrate ^ 106 

hydrate 67 

.     iadate 918 

nitrate 109 

49cala(e 84 

l^ospbate 76 

(ttaoroxalate 199 

Alf>hate.i 88 

sulphite... • 80 

tartrate 115 

Potaaaium 40 

•  chloride 76 

iodide 165 

|ieroxide • .    64 

pjboephuret 59 

l^toxide  (dry) 48 

ealphuret 58 

Mica 16 

Silicifm 8 

•Uves... 110 

i^Ute 168 

areeniate 180 

arsenite 179 

carbonate I40 

^lorate 194 

liiloride 146 

oitrate 176 

lodate 288 

Midv 985 

nrtrale 179 

aduJate 154 

9P 


Silver  oxide 1 18 

phosphate 146 

sulphate 158 

sulphite 150 

sulphnret 196 

Soda... 89 

acetate. 89 

crvHUllized  (6  water)  ....  186 

ahientiire #4 

ameblce 86 

bicarbonate 70 

carbonate  (dry) 54 

crystallized  (11  water) ....  158 

chlorate lOd 

citrate 90 

hvdrate 41 

nftrater 88> 

oxalate 69 

snlphate  (dry) 79 

orysUUized  (10  water)....  160 

sulphite 64 

t4rtrate 08 

and  potash 914 

Sodium 94 

cliloride 60 

iodide 140 

phosphuret SO 

peroxide 88 

protoxide 89 

'    Ralpbuvet 40 

Starch) 149 

Sugar I 

Sulphur li 

carburet 88 

chloride...'. 59 

iodide Ml 

phosphuret 98 

Sulpmiretted  hydrogen- it 

Tannin  } 71 

Tin 58 

bisulphnret • '  9# 

peroxide 74 

protoxide ^..r 60 

perchloride • •  199 

[^rotochloride •  94 

ailphuret ^.  74 

Water • 

Zinc 84 

fcetate 9d 

arseniate 104 

carbonate 64 

chlorate 118 

nitrate fO 

oxide 49 

s«lphate  (dry) 89 

errstalhved  (0  water) J98 

sulphite 74 

Urtrate 110 
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TABLE  II. 


Uydrogen 

Carbon 

Bicarburetted  hydrogen . . . . 

2.^y9«« 

Silicium , 

Carburetted  hydrogen    .... 

Water 

Magnesium 

Phosphorus 

Phosphuretted  hydrogen. . . 

Azote 

Carbonic  oxide 

Bihydroguret  of  phosphorus 

Sulphur 

IP^ys*" 

Silica  ....^..... 

Ammonia 

Sulphuretted  hydrogen 

Alumium • 

«Watiir 

Aluminum 

Phosphorous  acid 

Magnesia 

Calcium 

Carbonic  acid 

Nitrous  oxide 

Sodium 

Phosphuret  of  magnesium  . . 
S  Oxygen 

Alumina 

Cyanogen 

Cobalt 

Hydrocyanic  acid 

SWater 

Sttlphuret  of  magnesium  . . . 
Alumina 

Lime 

phosphoric  acid 

Phosphuret  of  sulphur 

Iron 

Manganese 

Hydrate  of  magnesia. ...... 

Nitric  oxide. 


i 


;:; 


1 
6 
7 

8 

9 
18 
IS 

14 

16 

17 

18 
19 

80 
88 
84 

86 

87 


Sulphurous  add. 


upi 
>da 


Soda 

Phosphuret  of  calcium 

4fr  Oxygen 


88 


89 
90 


38 


Zinc 

Chlorine 

Protoxide  of  iron , 


S4 


manganese 
chromium  . 


Peroxide  of  sodium •-...  > 

Phosphuret  of  sodium 

Sulphuret  of  calcium 

Oxalic  acid  (dry) 

4  Water 

Muriatic  acid 

Phosphite  of  ammonia 

Hydrate  of  lime 

Sulphuret  of  carbon 

Arsenic 

Boracic  acid  (crystallized) .... 

Sniphuric  acid 

Potassium 

Sulphuret  of  sodium 

Deutoxide  of  manganese. 

Peroxide  of  iron 

Phosphuret  of  iron. 

5  Oxygen 

Oxide  of  zinc 

Carbonate  of  magnesia 

Protoxide  of  chlorine 

Peroxide  of  manganese ....... 

Protosulphuret  of  iron 

Antimony 

Phosphate  of  ammonia 

5  Water 

Nitrous  acid 

Phosphuret  of  zinc 

Potash  (dry) 

Pho»phate  of  magnesia 

Chloride  of  magnesium 

6  Oxygen 

Liquid  sulphuric  acid  (I  wmter)^ 

Carbonate  of  lime 

Acetic  acid 

Sulphuret  of  zinc 

Protoxide  of  antimony 

Oxalate  of  ammonia 

Dry  nitric  acid 

M  uriate  of  ammonia 

Carbonate  of  soda k . 

Arsenious  acid 

eWaier /. 


57 


40 


4$ 
46 


58 
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JBtflphureC  of  potassium 

Deutoxidft  of  antimony. . ; 

■Chloride  of  calcium 

Phosphate  of  lime 

TOxysgen 

Sulphate  of  ammonia 

Hydrate  of  potash 

^Muriate  of  magnesia 

.Carbonate  of  manganese 

Citric  acid  (dry) 

Acetic  acid  crysUllized 

Chloride  of  sodium 

Persuljphuret  of  iron 

Pbosphate  of  soda 

Sulphate  of  lime '. 

Sulphate  of  magnesia  (dry) 

Sulphuret  of  antimony 

Peroxide  of  antimony 

Arsenic  acid .' 

•Chlorocyanic  acid 

Oxalate  of  ammonia  (1  water). . 
Gallic  acid 

7Water ;;.;; 

Peroxide  of  potassium 

Sulphite  of  soda 

Protochloride  of  iron 

Copper 

Chloride  of  lime \ 

8  Oxygen \ 

.  Carbonate  of  sine  ..  ^ ", 

Oxalate  of  lime 


56 


57 


58 
50 


60 


68 
6S 


Protoxide  of  tin. ... . 
Sulphate  of  alumina. 

Sulphate  of  alumina  , 
TarUric  acid  (dr>)  , 
Acetate  of  ammonia  , 
Ferrocyanic  acid . . . , 

Sulphate  of  lime  . . . , 
Oxalate  of  soda 


64 


Gart>onate  of  potash 
Barium 


Acetate  of  magnesia 
Malic  acid 


'  Nitrate  of  ammonia, 
Tutnin? 


%  • 


Liquid  nitric  acid  («  water 

CrysUllized  oxalic  acid(4  water) 
8  Water 


66 


67 


68 


70 


71 


Sulphate  of  soda  (dry). 
Protoxide  of  copper. . . 

Bismuth 

90xygeB 


V     7« 


•  •   «  «      I 


Nitrate  of  ma^esia  . . . , 

Sulphuret  of  tin , 

Peroxide  of  tin 

Sulphite  of  zinc 

Citrate  of  ammonia. .  .^  . 

Chloric  acid 

Crystallized  citric  acid  (S  water) 
Crystallized  tartaric  acid  ( I  d*") 

Chloride  of  potassium 

Pbosphate  of  potash ...... 

Bi*carbonste  of  soda  (dry) 
Protosulphate  of  iron  (dry^ . . . .  j 

Baryta 

Acetate  of  lime 

Succinate  of  lime 

Arseniate  of  ammonia. . . , 
Bi-carbonate  of  ammonia 

(8  water) 

Oxalate  of  zinc  ........ 

Sulphite  of  pota^ih 

Oxide  of  bismuth 

10  Oxygen 

Peroxioe  of  copper 

Protosulphuret  of  copp<*r | 

Phosphate  of  ntrontia •  • .  •  J 

Chloride  of  antimony > 

Sugar  ? 5 

Nitrate  of  lime 

Perchloride  of  iron 

Sulphate  of  zinc  (dry )  . , 
Acetate  of  Roda 

Bi-pliosphate  of  iime. . . , 

Oxalate  of  potaith , 

Tartrate  of  ammonia. . . . 

Anenite  of  soda ^ 

Sulphate  of  limecrytit.  (8  water) 

Peroxide  of  barium 

Nitrate  of  soda f 

Citrate  of  lime 

Acetate  of  iron 

Hydrated  baryta 

Tartrate  of  magnesia  . . , 

Sulphate  of  {>otash  ..... 
1  i  Oxygen , 

Arseniate  of  lime , 

10  Water 

Citrate  of  Moda  ........ 

Perchloric  acid ».l 

Bi-carbonate  of  pota»h  (dry)  . .  > 
Acetate  of  zinc ; ) 

Chlorate  of  ammonia > 

Araii^hi-sphcsphateof  magnesia  \ 
Arseniate  of  soda 


74 
75 


76 


78 


79 


80 


81 


88 


84 


86 


87 
88 

90 
98 

94 
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Tartnte  of  lime 

pUumuB « 

Nitrate  of  xino • . 

18  Oxygen 

Succinate  of  potash •  • 

Acetate  of  potash 

Tartmie  of  aoda 

11  Water 

Carbonate  of  barytet 

Persulphate  of  iron 

Protocnloride  of  copper 

Bi-carbonate  of  potash  cryst. 
(1  water) 

Hitrate  of  potash 

Arseoite  of  potash 

Cat  bonate  of  copper 

Prototartrate  of  iron 

Bi-phospbate  of  potash  ...,•• 

Chiofate  of  lime 

Lead ' 


9» 


Ammonia  phosphate  of  soda .  •  • 
Citrate  of  potash • .  < . 

Chlorate  of  soda 

19  Water 

Cryst.  nitrate  of  lime  (S  water) 

Silver 

Murfate  of  lime  crysL  (5  water)] 
4^rseniate  of  potash 

Prot«idde  of  lead 

Tartrate  of  potash 

Phosphuret  of  lead 

Ifteutpxide  of  lead 

Crystallized  carbonate  of  soda 

(7  water) 

ISWater 

Hydraled  carbonate  of  ammonia' 

Stiiphate  of  barytea 

Chlorate  of  zinc • 

Oxide  of  silver 

Peroxide  of  lead  .., 

Sulphate  of  bismuth 

Sulpburet  of  tead 

BinoxalaCe  of  potash 

Benzoic  aoid 


98 
99 

100 

101 

102 

lOS 

104 

lOS 
106 

108 

109 

110 

119 
115 

116 
117 

118 


Bi-Bulphate  of  potMh»«i 
Acetate  of  barytea. . .  • . 

Apetate  of  copper  . ,  • . . 

Nitrote  of  barytas  . ,  • . , 
Arsenita  of  barytas  . . . 

Nitrate  of  bismuth  . . . . 
Carbonate  of  lead . . . . . 

15  Water 


{ 


CryMiallized  sulphate  of  mag-> 
Hesia  (7  water) > 

CMarate  of  potash { 

Muriate  of  barytes  (6  water)  . .  { 

lodiOe 

Hydriedio  acid 

Sulphuret  of  silver 

14  Water 


ISO 

\%$ 

M 

125 

12$ 


Perchloride  of  copper •,. 

Acetate  of  soda  cryst.  (0  water] 

Sulphate  of  zinc  cryst.  (water). 

Bi-sulphate  of  potash  cryatal- 

iized  (6, water) 

Cryst.  sulphate  of  iron  (t  wmter} 

Oxy chlorate  of  potash  •••••. 

Chloride  of  lead.... « 

Phosphate  of  lead ..••. 

Arseniate  of  barytas  ..•••••, 
Carbonate  of  silver  .••...•• 

Starch? } 

H  y  driodate  of  amm(Hii&  •.«••..( 

Sulphite  of  lead 

16  Water 

Chloride  of  Silver  ..••>•••• 
Phosphate  of  silver  ..••••••, 

Benaoaie  of  lime 

Oxalate  of  jead •.*• 

Cryst.  nitrate  ef  bMyies  (9  WAlef) 

Sulphate  of  lead > 

Benaoate  of  soda > 

Carbonate  of  soda  crys.(l  I  water)? 

17  Water J 

Chlorate  of  barytes ..••... 

Sulphate  of  silver  . . , 

Borax  (8  water)    « 

Persulphate  of  copper  (dry)  .  •• . . 
Cbloriodic  acid 


Crystallized   tuIphAte  of  soda'^ 

( 16  water) 

Suctinate  of  lead  . . . . » i> 

AceUte  of  lead  . . .  ^ 

18  Water 

lodifraeid. 

Iodide  of  pocasaiuiB 

Nitrl^te  of  head 

Acetate  of  silver 7 

Benzoate  of  potash ..••..> 

Ghromate  of  silver. ....  .•.•.•«..? 

Citrate  of  lead J ..  .  » •  .4. .  { 

19  Water 

NitMte  of  eiW«r. 
Binarseniate  of  potash 
Arsenite  of  silver 


199 

lift 
US 

191 
140 

14ft 
IH 

fl6 

148 
ISO 
IM 

IS9 

15i 
157 
158 
160 
161 

198 


166 


>tash \\i 


170 
Itl 

17f 


Appendix. 


Anesiate  of  lead ^ . . . 

Citrate  of  silver 

Tartrate  of  lead 

Binaoetate  of  copper 

Araeniate  of  wlver 

SOWater 

Bi-tartrate  of  potash } 

Malateoflead ( 

Acetate  of  copper  (crys.  6  water. . 

Tartrate  of  silver. 

Pemitrate  of  copper  (dry). . , 

Chlorate  of  lead 

Protoxide  of  platiouQ  ?    ... 

Acetate  of  lead  (cryst  S  waier) . . 
Bitartrate  of  potash  (crystallized  > 
1  water) > 

Quadroxalate  of  potash 

lodate  of  lime 

Chlorate  of  silver. 

lodate  of  soda 

Mercury .  • 

Gold 


I 


Binacetate  of  copper  (crystal- > 
liaed  S  water) > 

lodate  of  sine 

Protoxide  of  fnercary 

——gold 

Polaah-tartrata  of  ammoaia. . . 


174 
176 
179 

180 

188 

I 

184 1 
185 

188 

189 
191 

198 
193 

194 
197 

800! 
807 

808 


Subaoetate  of  copper 

Phospharet  of  mercury 

lodate  of  potash 

Tartrate  of  soda  and  potash  , . .  • 

Peroxide  of  mercury > 

Protosttlphuret  of  mercury  .  • . .  > 

Per-oxide  of  eold  ? 

Iodide  of  lead 

Bi-sulphuret  of  mercury  .... 

Protochloride  of  mercury .... 

gold 

Sulphuret  of  gold  ?  ......•• . 

Protosulphate  of  mercury  ... 

Crystallised  persulphate  of  cop-> 

per  ( 10  water) { 

By-cyanuret  of  mercury 

Persulphate  of  mercury 

Alum  (dry) 

Protouitrate  of  mercury ..... 

Perchloride  of  mercury 

Perphosphate  of  mercury . . . . 

Sub-binacetate  of  lead 

Bi -persulphate  of  mercury 

Pernitrate  of  mercury  . . » , 

Protiodide  of  mercury > 

gold J 

Sttbtritacetate  of  lead 

Alum  (crystallized  85  water). . . 


210 
818 
81S 
814 

81« 

884 
889 

838 


848 


850 

858 
850 

808 


878 

874 
896 
384 

385 

386 
487 


\ 
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Illustrated  by  numerous  EDgravings  on  Wood, 

THE  ELEMENTS  OF 

MEDICAL  CHEMISTRY- 

Embracing  only  those  branches  of  Chemical  Science 
which  are  calculated  to  illustrate  or  explain  the  diffirent 
objects  of  Medicine ;  and  to  furnish 

A  Chemical  Grammar  to  the  Author's 
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**  The  objects  of  Science  are  so  multiplied  that  it  is  high  time 
to  subdivide  them.  Thus  the  numerous  branches  of  an  overgrown 
family  in  the  Patriarchial  ages  found  it  necessary  to  separate  %  and 
the  convenience  of  the  whole,  and  the  strength  and  increase  of 
m/^  branch,  were  promoted  by  the  separation.— *PaiBSTi.BT. 
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